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ABSTRACT 
 
Wildfires across northern Australia are a growing problem with more than 2.5 million 
hectares being burnt each year.  Accordingly, remote sensing has been used as a tool to 
routinely monitor and map fire histories.  In northern Western Australia, the Department 
of Land Information Satellite Remote Sensing Services (DLI SRSS) has been responsible 
for providing and interpreting NOAA-AVHRR (National Oceanic and Atmospheric 
Administration-Advanced Very High Resolution Radiometer) data.  SRSS staff utilise this 
data to automatically map hotspots on a daily basis, and manually map fire affected areas 
(FAA) every nine days.  This information is then passed on to land managers to enhance 
their ability to manage the effects of fire and assess its impact over time. 
The aim of this study was to develop an algorithm for the near real-time automatic 
mapping of FAA in the Kimberley and Pilbara as an alternative to the currently used semi-
manual approach.  Daily measures of temperature, surface reflectance and vegetation 
indices from twenty nine NOAA-16 (2001) passes were investigated.  It was firstly 
necessary to apply atmospheric and BRDF corrections to the raw reflectance data to 
account for the variation caused by changing viewing and illumination geometry over a 
cycle.  
Findings from the four case studies indicate that case studies 1 and 2 exhibited a typical fire 
response (visible and near-infrared channels and vegetation indices decreased), whereas 3 
and 4 displayed an atypical response (visible channel increased while the near-infrared 
channel and vegetation indices decreased).  Alternative vegetation indices such as GEMI,   - ii - 
GEMI3 and VI3 outperformed NDVI in some cases.  Likewise atmospheric and BRDF 
corrected NDVI provided better performance in separating burnt and unburnt classes. 
The difficulties in quantifying FAA due to temporal and spatial variation result from 
numerous factors including vegetation type, fire intensity, rate of ash and charcoal dispersal 
due to wind and rain, background soil influence and rate of revegetation.  In this study two 
different spectral responses were recorded, indicating the need to set at least two sets of 
thresholds in an automated or semi-automated classification algorithm.  It also highlighted 
the necessity of atmospheric and BRDF corrections. 
It is therefore recommended that future research apply atmospheric and BRDF corrections 
at the pre-processing stage prior to analysis when utilising a temporal series of NOAA-
AVHRR data.  Secondly, it is necessary to investigate additional FAA within the four 
biogeographic regions to enable thresholds to be set in order to develop an algorithm.  This 
algorithm must take into account the variation in a fire’s spectral response which may result 
from fire intensity, vegetation type, background soil influence or climatic factors. 
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1 INTRODUCTION 
DEFINITIONS 
•  Fire affected area - regions where significant reduction in vegetation has occurred 
as a result of fire, and is visually apparent.  Two types:  
1)  Inferred FAA 
2)  Actual FAA 
•  Fire signature - spectral and temporal response pattern of FAA. 
•  Fire scar - FAA distinguished by partial regrowth of burnt vegetation. 
FIRE EFFECTS 
RESEARCH QUESTIONS: 
1)  Can the mapping of fire affected areas be automated to encompass diverse 
geographic areas (i.e. Central Ranges, Dampierland, Great Sandy Desert, and 
Pilbara) within northern WA? 
2)  How does the magnitude of angular effects on fire signature compare to fire 
effects? 
3)  How do distortion and geometrical inaccuracy behave as images move away from 
the zenith of AVHRR’s orbital repeat cycle?  At what point in the orbital cycle do 
images become unusable for delineation of FAA?    - 2 - 
HYPOTHESES: 
1)  Areas of similar vegetation and soil have a characteristic spectral and temporal 
signature, with respect to the fire event. 
a)  Spinifex reflectivity is high immediately after the burn and continues to be 
high for a very hot burn (high intensity fire). 
b)   Spinifex reflectivity after a cool burn (low intensity fire) is low immediately 
after the fire but rises to soil background colour rapidly (often within one 9 
day orbital cycle for AVHRR). 
c)  The reflectivity of non-spinifex grassland is low immediately after a fire and 
rises relatively slowly (> 9 days) as ash is dispersed, exposing bare sand or 
soil. 
2)  Bushfires will cause an increase in daytime temperature. 
3)  Changes in surface reflectance during an orbital repeat cycle due to varying sun and 
view angles plus atmospheric effects are greater than those caused by bushfires. 
4)  Change due to bushfires in the NDVI from uncorrected reflectance as an empirical 
method of correction is improved where the reflectances are also corrected using 
mechanistic models. 
5)  Alternative vegetation indices such as VI3, GEMI and GEMI3 provide better 
spectral separability between burnt and unburnt classes than NDVI. 
6)  Rainfall and wind decrease the signal to noise ratio of the fire signature.   - 3 - 
STUDY AREA 
The study area covers northern Western Australia (19
o - 24
o S and 120
o - 129
o E) and 
includes the following four study sites: 1 - Great Sandy Desert, 2 - Pilbara, 3 - Central 




1 - Great Sandy Desert
2 - Pilbara
3 - Central Ranges
4 - Dampierland
Study Areas
400 0 400 800 Kilometres
 
Figure 1.  Location of case study sites within northern Western Australia.   - 4 - 
2 BACKGROUND 
2.1 INTRODUCTION 
Across the tropical savannas of northern Australia wildfires are a growing problem.  On 
average it has been estimated that more than 2.5 million hectares are burnt each year by 
wildfires.  Consequently, remote sensing has been used as a tool to routinely monitor and 
map fire histories.  In the Kimberley and Pilbara regions of Western Australia the 
Department of Land Information Satellite Remote Sensing Services (DLI SRSS) has been 
responsible for providing and interpreting NOAA-AVHRR (National Oceanic and 
Atmospheric Administration-Advanced Very High Resolution Radiometer) data.  SRSS 
staff use this data to map hotspots automatically on a daily basis, and FAA manually every 
nine days.  This information is then passed on to land managers (FESA - Fire and 
Emergency Services, WA) who decide when and if to carry out prescribed burning (Smith 
et al. 1999). 
The Kimberley region of Western Australia can be divided into three climatic zones.  These 
include the low (< c. 400 mm), intermediate (400-700 mm) and high (> c. 700mm) rainfall 
zones (Craig 1999). 
An automated classification algorithm has been developed for mapping hotspots, however 
one has not been developed for mapping fire affected areas (FAA).  Instead SRSS staff 
manually map the FAA using McMillan’s et al. (1997) formula.  This formula however can 
only be used in the wetter north Kimberley (> c. 700 mm) above latitude 21
oS.  In the 
south Kimberley and Pilbara region automatic approaches for classifying FAA have been 
unsuccessful.  Automated classification has thus far failed in the south, because the spectra   - 5 - 
of FAA in the drier regions behave differently from those in the wetter north: they are 
commonly recognised by their increase in reflectance while other FAA show a decrease in 
reflectance.  Consequently, FAA are mapped using a labour intensive approach.  It is 
hoped that the time and processes involved can be greatly reduced by the incorporation of 
an automated (or semi-automated) classification algorithm.  It is also hoped that this 
approach will be able to be adapted easily to varying conditions of vegetation, climate and 
soils. 
The aim of this study is therefore to develop an algorithm for the near real-time automatic 
mapping of FAA in the Kimberley and Pilbara, as an alternative to the currently used semi-
manual approach.  An automatic algorithm needs to be applicable for varying areas within 
the Kimberley and Pilbara regions, and provide an efficient way of mapping FAA.  If 
successful, this attempt may save DLI several months of interpreter-time per year, increase 








   - 6 - 
2.2  REMOTE SENSING & FIRE 
Remote sensing has been widely used for many fire applications.  Data have been collected 
on a global basis and has been used for mapping fires, and monitoring vegetation condition 
and land cover changes.  It has proven to be a particularly useful data source for fire 
management and damage assessment.  It has advantages over traditional ground truthing 
methods, which can be unreliable in providing information on the location, size and 
intensity of fires (Kitchen & Reid 1999; Martin et al. 1999). 
There are many satellite sensors and aircraft-borne remote sensing systems which have 
contributed to the remote sensing of fire.  These include NOAA-AVHRR (National 
Oceanic and Atmospheric Administration-Advanced Very High Resolution Radiometer), 
Landsat TM (Thematic Mapper), Landsat MSS (Multispectral Scanner), GOES VAS 
(Visible Infrared Spin Scan Radiometer and Atmospheric Sounder), SPOT (Systeme Pour 
l’Observation de la Terre), MODIS (Moderate Resolution Imaging Spectroradiometer) and 
BIRD (Bi-spectral Infrared Detection).  Some of these satellites such as Landsat MSS, 
NOAA 6-10 are no longer operational (Kaufman & Justice 1998 ; Martin et al. 1999). 
In northern Australia fire is an important land management tool and is essential for 
restricting damaging wildfires, as well as maintaining habitats.  As this region is prone to 
very large fires, making management difficult, remote sensing has been used as a tool to 
routinely monitor and map fire histories (Smith et al. 1999). 
In the Kimberley and Pilbara districts of Western Australia bushfires have been observed 
from satellite sensors for a number of years.  In the early 1980s Landsat MSS data indicated 
the extent of these fires, until a receiving station in Perth for NOAA-AVHRR was built.  
This NOAA-AVHRR data is able to provide information on location of bushfires, fuel loads, curing indices for flammability assessment and fire history (Figures 2 & 3) (Craig et 
al. 1995). 
 
Figure 2.  Number of times the Kimberley Region burned over the interval 1993-
2001 (Department of Land Information 2002a). 
  - 7 -  
Figure 3.  Pilbara Region Fire History from 1995-2001 (Department of Land 
Information 2002b). 
In Western Australia DLI (SRSS) produce FAA maps every nine days using satellite data 
from AVHRR sensor onboard the NOAA satellites.  Fuel load build up and fuel 
flammability (under cloud free conditions) are also mapped (Langaas et al. 1999; Smith et al. 
1999). 
The NOAA-AVHRR sensor has five channels ranging from visible (0.58-0.68 µm) to 
thermal infrared (11.5-12.5 µm) (Table 1).  Channel 3 (thermal mid infrared) in particular, is 
sensitive to extreme heat sources and forest fire.  Moreover for NOAA-15 onwards an 
additional channel 3 has become available to use (i.e. 3A).  Channel 3A is operational 
during the day recording reflectance, while at night channel 3B (i.e. thermal) is switched on 
to record temperature as previous.  Combinations of all channels (i.e. 1-5) have been 
utilised to map FAA, while channels 3 and 3B have been used to detect hotspots (Craig et 
al. 1995). 
  - 8 -   - 9 - 
Table 1.  Sensor characteristics for NOAA-AVHRR (Craig et al. 1995). 
Channel  Spectral Bands (µm)  Applications 
1 0.58-0.68  (Visible)  Vegetation  cover and meteorological features 
2  0.725-1.10 (Near infrared)  Vegetation cover and meteorological features 
3  3.55-3.93 (Mid infrared)  Sensitive to extreme heat sources, forest fire 
detection and sea surface temperature analysis 
3A  1.58-1.64 (Short-wave infrared) Snow and ice detection 
3B  3.55-3.93 (Mid infrared)  Night cloud mapping, sea surface temperature 
4  10.3-11.3 (Thermal infrared)  Land and ocean temperatures and meteorological 
cloud features
5  11.5-12.5 (Thermal infrared)  Land and ocean temperatures and meteorological 
cloud features
 
FAA can be detected by remote sensing due to their spectral signals contrasting with the 
unburnt surrounding landscape.  Their post-fire signals can be characterised by surface 
charring (i.e. formation and deposition of charcoal) or the alteration of vegetation structure 
and abundance.  The first type of signal is a consequence of vegetation combustion, 
relatively short-lived and influenced by rain and wind.  The second signal is more stable, 
however is less useful to discriminate fire effects as other factors (grazing, insects, cutting) 
may have caused partial or complete removal of plant canopies.  FAA’s are detectable in 
AVHRR channel 3 due to their high reflectance during the day.  Channels 1 (visible), 2 
(near-infrared) and 5 are often used as well.  Channel 1 however is the least effective for 
discriminating burns, while channel 2 has been widely used.  FAA are not always easy to 
map and are often confused with water bodies.  In savanna regions difficulties arise due to 
the fast regrowth of vegetation, removal of ashes by wind and the presence of an unburned 
tree canopy.  Both FAA and water bodies appear darker than the surrounding landscape (in  -  10  - 
channels 1 and 2).  In the wetter tropical savannas reflectance is decreased and FAA usually 
appear dark.  This is not always the case however, as an increase in reflectance is common 
for spinifex areas of Australian rangelands on highly reflective bright coloured soils.  This 
response is known as signature reversal and makes automatic detection of FAA very 
difficult (Craig et al. 1995; Heath 1999; Pereira et al. 1999; Smith et al. 1999). 
The choice of a sensor is dependent upon the size of the study area, spectral characteristics 
of the fire signal, vegetation type, cloud risk, revisit time and the cost.  Coarse resolution 
sensors such as AVHRR, SPOT VEGETATION (VGT) and MODIS are suited to global, 
continental and regional studies, while high resolution sensors (Landsat TM) are limited to 
small regional and local studies due to low temporal resolution and high cost.  Most of the 
studies on fire mapping to date use NOAA-AVHRR imagery which has good temporal 
resolution (>daily), coarse (>1km
2) resolution, operates in both the visible and infrared 
regions and is low cost.  With the introduction of MODIS and BIRD it is possible that the 
use of NOAA-AVHRR will decline.  MODIS has been equipped with two infrared (IR) 
spectral channels to detect and characterise fires.  It will also provide information on 
emitted energy, area burned, and flaming and smouldering ratio.  MODIS channels have a 
resolution of 250 m to 1 km, and observations will be made two (AM platform) and four 
(PM) times a day.  BIRD a new small satellite has the added benefit of observing high 
temperature events (i.e. wildfires, coal seam fires and volcanic events) without sensor 
saturation and can detect smaller fires than NOAA-AVHRR and MODIS (Razafimpanilo et 
al. 1995; Kaufman & Justice 1998; Kaufman et al. 1998; Barbosa et al. 1999; Heath 1999; 
Smith et al. 1999; Al-Rawi et al. 2001; Oertel et al. 2002). 
SPOT VEGETATION has also been used more recently to map FAA’s.  This sensor 
acquires data in four spectral channels and like NOAA-16 has the advantage of a short- -  11  - 
wave infrared (SWIR) channel.  Fraser et al. (2000) found that this channel is sensitive to 
vegetation water content and hence substituted the red with the SWIR when calculating a 
normalised vegetation index (SWVI - short-wave vegetation index).  The SWVI provided 
better separation of burned forest than either the NDVI or individual channels.  In 
addition the SWIR channel is less sensitive to smoke contamination as it is transparent to 
aerosols.  Stroppiana et al. (2003) also substituted the red with the SWIR when calculating 
an “albedo-like” (p.908) index the NDWI (Normalised difference water index) (Fraser et al. 
2000; Stroppiana et al. 2003a; Stroppiana et al. 2003b). 
Many methods have been used to detect fires (hotspots) and map burned areas (FAA) from 
AVHRR data as described below. 
Active Fire Characterisation and Hotspot Detection 
Dozier (1981) was the first to document the potential for characterising actively burning 
fires with AVHRR.  He showed that subpixel high temperature targets are identifiable in 
channel 3 (SWIR), as they have a larger effect in this band than in the longer wave infrared 
bands.  He also showed that, in theory, fire size and temperature can be calculated from 
three IR channels. 
Other studies such as Langaas 1995; Matson and Dozier 1981 (Elvidge et al. 1999); and 
Matson et al. 1984 have used Dozier’s principles to illustrate the use of AVHRR in mapping 
fire activity.  Automatic procedures for hotspot detection have also been developed.   
Successful ones include those developed by Flannigan and Vonder Haar (1986) and Lee 
and Tag (1990).  These allow active fires to be operationally monitored with the AVHRR 
data (Matson et al. 1984; Flannigan & Vonder Haar 1986; Elvidge et al. 1999).  -  12  - 
The Dozier algorithm uses data from AVHRR channels 3 (3.55-3.93 µm), 4 (10.3-11.3 µm) 
and 5 (11.5-12.5 µm) to determine temperature fields of subpixel resolution (Dozier 1981). 
Since its origination however, numerous authors have reviewed it.  They have found that 
there are a number of problems involved with subresolution fire characterisation (Langaas 
1995).  Since these problems became clear, few have tried to deconvolve the effects of fire 
size from the effects of fire temperature in AVHRR. 
Flannigan and Vonder Haar (1986) implemented Dozier’s multispectral approach to detect 
fires and estimate their size in Canada.  They also employed Coakley and Bretherton’s 
(1992) sub-pixel cloud discrimination technique, as clouds were obscuring the fires during 
the study (Flannigan & Vonder Haar 1986). 
Flasse & Ceccato (1996) used a contextual algorithm to detect fires.  This involves 
comparison of fire pixels with their surrounding neighbour pixels, and two stages - 
potential fire detection and confirmation.  Firstly the potential fire pixels are selected and 
tested using temperature (T3 > 311K and T3 – T4 >8 K) and reflectance (ρ2 ≥ 20%).  
Confirmation is then performed using a third test (context) T3PF – [T3b + 2σT3b] > 3K and 
T34PF > T34b + 2σT34b.  The performance of this algorithm appeared successful, although not 
the optimum solution (Flasse & Ceccato 1996). 
Lee & Tag (1990) have further developed an automatic algorithm to detect hotspots.  Their 
technique is based on the brightness temperatures of channel 3 (3.7 µm) and channel 4 
(10.8  µm) at a specified pixel, and a background temperature which is based on 
surrounding pixels (Lee & Tag 1990).  -  13  - 
More recently Giglio et al. (1999) reviewed three algorithms - Arino et al. (fixed threshold), 
Justice  et al. (contextual) and Flasse-Ceccato (contextual).  They found that cloud 
contamination during the day was the most common source of false detections and 
consequently employed a number of cloud identification techniques.  They also discovered 
that some bare surfaces are highly reflective and consequently led to false fire detections 
(Giglio et al. 1999). 
DLI SRSS have developed an automatic algorithm to detect fire hot spots on a daily basis 
using evening passes from the NOAA-AVHRR satellites.  This algorithm is based on Lee 
& Tag (1990).  Their contextual algorithm has been adapted for Australian conditions.  
This method compares the digital numbers of a pixel and its surrounding neighbours.  If 
this pixel then passes a number of tests it will be designated a fire hot spot.  Bands 3 and 5 
were used and converted to brightness temperatures.  Band 5 was also used to mask oceans 
and clouds.  The contextual algorithm was applied using a 3x3 kernel of eight pixels (Table 
2) (Craig et al. 2002). 
Table 2.  Depiction of contextual algorithm using a 3x3 kernel of eight pixels (Craig 
et al. 2002). 
Corner Side Corner 
Side Interior    Side 
Corner Side Corner 
 
For the side and corner pixels bands 3 and 5 are used to calculate the average background 
temperature.  Brightness temperatures (bands 3 and 5) for the interior pixel are then 
differenced from those of the side and corner pixels.  This interior pixel is then classed as a  -  14  - 
hotspot if it follows a number of rules.  These hotspots are then classified as fire (if follow 
all the rules ie 4 out of 4) or possible fire (if follow most rules ie 3 out of 4). 
When deciding which method is best to use, it is important to consider the effects of 
atmospheric interference, satellite spatial resolution and pixel heterogeneity.  Atmospheric 
interferences such as clouds, haze or smoke can obscure the signal.  Solar contamination 
such as sunglint can be a problem too.  Other problems include changes in the sensor 
viewing geometry and the Sun’s position in relation to the target, and from the target 
spectral characteristics.  Channel 3 (mid IR) saturation at approximately 325 K can also be 
a problem (Robinson 1991; Razafimpanilo et al. 1995; Kaufman et al. 1998). 
FAA mapping 
Both manual and automatic techniques have been developed and employed to map FAA in 
many regions around the world.  These range from simple techniques, such as visual 
interpretation and single channel density to complex spectral mixture analysis and 
regression (Table 3) (Koutsias & Karteris 2000). 
Table 3.  Examples of techniques used for mapping FAA. 
No.  Technique Reference 
1  Burned Area Algorithm  Barbosa et al. 1998 
2  Channel 2 & 3  Barbosa et al. 1998; 
Franca & Setzer 2001
3  Channel 2 & 4 
Frederiksen et al. 
1990; McMillan et al. 
1997 
4 Ch2  Razafimpanilo et al. 
1995  -  15  - 
No.  Technique Reference 
5  NDVI (Normalised Difference Vegetation Index)
Razafimpanilo et al. 
1995; Pereira et al. 
1999; Salvador et al. 
2000 
6  GEMI (Global Environmental Monitoring Index) Barbosa et al. 1999, 
Pereira et al. 1999 
7  GEMI3 (modified GEMI)  Barbosa et al. 1999; 
Pereira et al. 1999 
8 VI3  Roy et al. 1999; 
Pereira et al. 1999  
9  Logistic Regression Modelling  Koutsias & Karteris 
2000 
10  PCA (Principal Component Analysis)  Salvador et al. 2000 
11 Fixed-threshold  algorithm  Hlavaka  et al. 1996 
12 Semi-Automatic  Flasse  1998 
13  Artificial Neural Networks (ANNs)  Al-Rawi et al. 2001 
14  BAI (Burned Area Index)  Chuvieco et al. 2002 
15  Multitemporal image compositing algorithms  Roy et al. 1999; Sousa 
et al. 2003 
 
Razafimpanilo et al. (1995) used two methods to detect burned areas (global savanna and 
forest) from AVHRR data.  The “linear method” utilised channel 2 reflectance (R2) and is 
based on the almost linear relationship between the fraction of pixel burned (P) and 
reflectance (P = f(R2)).  The other “nonlinear” method used NDVI (Normalised 
Difference Vegetation Index), which is derived from channel 1 and 2 reflectance’s (P = 
f(NDVI)).  The linear method gave better results for non uniform pixels.  However neither 
method can be used when the pixels have low reflectance backgrounds such as water.  -  16  - 
Hlavaka  et al. (1996) implemented a fixed-threshold algorithm ((AVHRR1<T1) and 
(AVHRR3<T3)) to detect fire scars in Brazilian savanna.  They found that inaccuracies 
were due to AVHRR’s coarse resolution and difficulties in distinguishing fire scars from 
other areas of sparse vegetation or bare soil in the presence of haze.  Haze alters the 
reflectance response from soils and vegetation in AVHRR channel 1 and 2 (Hlavka et al. 
1996). 
Roy et al. (1999) note that Pereira (1997) did a thorough review of burn scar detection 
techniques, and found that most authors (except Barbosa et al. 1998) failed to realise that 
automated burned area mapping algorithms existed.  Barbosa et al. (1998) used a ‘multi-
temporal multi-threshold approach’ to map burned areas in Africa, using AVHRR channels 
2 and 3.  They labelled pixels as burnt, when the surface temperature increased and the 
vegetation index decreased relative to derived thresholds.  Multi-temporal AVHRR image 
compositing was used to minimise noise due to cloud cover, water vapour and aerosols 
(Barbosa et al. 1998; Roy et al. 1999). 
Flasse (1998) attempted to improve efficiency of manual fire scar mapping in Botswana by 
employing a semi automatic technique.  This method is based on the assumption that fire 
changes surface characteristics, which can be observed from AVHRR data.  It is assumed 
that a fire will cause a reduction in surface reflection (due to a darkened surface) and a 
corresponding increase in daytime temperature (due to less evapotranspiration and more 
absorption).  All five AVHRR channels were used (for two consecutive dates), together 
with minimum background and burn scar temperature thresholds (Flasse 1998). 
Roy et al. (1999) applied a multi-temporal burn scar detection algorithm to savanna fires in 
Southern Africa.  This involved using a burn scar index (VI3), fixed thresholds to detect  -  17  - 
saturated pixels, and an active-fire detection algorithm.  Pixels were considered saturated 
when channel 3 (mid IR) brightness temperatures were greater than 320
o K. 
Pereira (1999) and Barbosa et al. (1999) compared numerous vegetation indices for 
discriminating between burned and unburned surfaces.  These included the global 
environmental monitoring index (GEMI), GEMI3 (a modified version of GEMI), VI3 and 
NDVI.  The performance of each was assessed and ranked from best to worst (GEMI3, 
GEMI, VI3, NDVI) (Pereira 1999). 
Salvador et al. (2000) initially applied Principal Component Analysis (PCA) in Spain. This 
method was found to be unsuccessful due to the large number of images used and the 
failure to group all fires in a few components.  PCA was thus found to be restricted to time 
series comprised of a few images.  Instead they chose a method of subtraction (i.e. NDVI) 
of images due to its simplicity, robustness and its use in similar studies (Salvador et al. 
2000). 
Fuller and Fulk (2001) employed a vegetation index (NDVI), albedo (channel 1 and 2 
reflectance), and surface temperature (channels 3, 4, 5) to map a burned area in 
Kalimantan, Indonesia.  From previous studies it is worth noting that fire scars tend to 
have low albedo and NDVI, and therefore may have higher surface temperature than 
unburned vegetation.  They used AVHRR channel 3 (daytime) with a threshold at 321 K 
and a Boolean decision rule.  It was also suggested that there are better vegetation indices 
than NDVI. 
Franca and Setzer (2001) studied the response of a savanna site that burnt in the dry season 
(May to September) in Brazil.  They used a temporal sequence of images (June 1992 to  -  18  - 
October 1993) and channels 1, 2, 3 and NDVI.  Their findings support the use of both 
channels 2 and 3 to monitor and evaluate the extent of burnt areas. 
Al-Rawi et al. (2001) used neural networks to develop new automatic methods for fire 
detection and mapping FAA.  They employed the ‘Supervised ART-II artificial neural 
network’ in Spain.  To date there has been little use of Artificial Neural Networks (ANNs) 
for monitoring fires from space.  The main advantage of this method is that they are free 
of limitation, as they do not depend on the location or size of a fire.  And the availability of 
the background is not necessary.  When compared to conventional classifiers ANNs have 
three distinct advantages 1) they can extend themselves to deal with non-linear data 
patterns; 2) are distribution free; and 3) are adaptable to any type of data.  There are 
different types of neural networks however the ‘Supervised ART-II artificial neural 
network’ was chosen due to its fixed architecture and short training time (Figure 4).   
Overall it performed well in mapping burned pixels, however some over-estimation did 
occur due to the classification of partially burned edge pixels as burned ones. 
Chuvieco et al. (2002) employed a new spectral index called the Burned Area Index (BAI) 
for assessing fire affected areas (FAA).  This index is calculated from the “spectral 
distance” (p.5104) from every pixel to a “reference spectral point” (p.5104), where newly 
burned areas are inclined to meet.  Both the red (channel 1) and near-infrared (channel 2) 
reflectances are utilised.  Moreover, they compared this index to three other vegetation 
indices the NVDI, SAVI (Soil Adjusted Vegetation Index) and GEMI.  They found that 
the BAI performed the best in discriminating burned areas.  There was some confusion 
however with low reflectance targets (i.e. water and cloud shadows); and the success of the 
index was extremely influenced by the temporal permanence of charcoal (Chuvieco et al. 
2002).  -  19  - 
Sousa  et al. (2003) evaluated the performance of six multitemporal image compositing 
algorithms for analysing burned areas.  These included the NDVI maximum value, Channel 
2 minimum value, Channel 4 maximum value, Albedo minimum value, Channel 2 
minimum value followed by Channel 4 maximum value and Albedo minimum value 
followed by Channel 4 maximum value.  The Channel 2 minimum value followed by 
Channel 4 maximum value method was deemed the best, while the commonly used NDVI 
maximum value was found to be the worst (Sousa et al. 2003). 
DLI SRSS have recently used NOAA-14, NOAA-15 (1998 to 2000) and NOAA-16 to 
manually map FAA every nine to ten days (Craig et al. 2002).  SRSS staff have applied an 
algorithm (manually) to detect FAA by using the ‘product of difference from the previous 
image.’  This difference uses channel 2 (near IR) and 4 (thermal IR) data, and applies the 
formula: D = ((ch2(2)-ch2(1)*(ch4(1)-ch4(2)).  The FAA are highlighted using a threshold 
for D, and then vectorised.  This threshold changes during the year as vegetation moisture 
content varies from season to season.  This formula however only has value above latitude 
21
oS, and is used to help delineate FAA, but not extract them for you (McMillan et al. 
1997).  More recently FAA have been detected using an “in-house change analysis and 
visual interpretation technique” (p.1) using channels 2, 3 and 5.  An RGB algorithm has 
been set up for visual display in ER Mapper (Table 4) (Craig et al. 2002). 
Table 4.  The RGB algorithm used by DLI SRSS to map FAA (Craig et al. 2002). 
Red  Channel 2 (current) - channel 2 (previous) 
Green  Channel 3 (current) - channel 3 (previous) 
Blue  Channel 5 (previous) - channel 5 (current) 
  -  20  - 
2.3  METEOROLOGY 
2.3.1  CLIMATE & WEATHER 
Kimberley region 
The climate of the Kimberley region can be described as tropical monsoon.  It is 
characterised by dry and wet seasons, separated by short transitional periods.  The ‘dry’ 
usually occurs from May to October, while the ‘wet’ occurs from November to April 
(Bureau of Meteorology 1996). 
The amount of rainfall varies across the Kimberley region from >700 mm per year in the 
north (high-rainfall zone) to <400 mm per year in the south (low-rainfall zone).   
Throughout the region, climate is strongly seasonal, with the timing and amount of rain 
varying between years and locations.  During the dry season little rain is expected, due to 
the influence of dry trade winds blowing out from central Australia.  Rainfall increases with 
the onset of the monsoon period.  The extremes in rainfall for Australia can be related to 
the variations in the Southern Oscillation (SOI).  The correlations between SOI and rainfall 
are greatest during the transition season (from dry to wet).  Enhanced cloudiness is also 
associated with this region, representing large exchanges of energy (Cheney & Sullivan 
1997; Craig 1999). 
Pilbara region 
The Pilbara region is arid and rainfall is seasonal and erratic.  During the months of 
September to December little rain falls, while January to March have higher rainfall.  The 
annual precipitation for this region ranges from 250-300 mm and is augmented by cyclones 
on the coast from January to March.  In summer the mornings are characterised by easterly  -  21  - 
winds, while seabreezes typify the afternoons along the coast.  In winter the mornings are 
also dominated by strong easterlies, however in the afternoons winds are variable ranging 
from westerlies to easterlies (Craig 1983; Beard 1990). 
2.3.2  CLIMATE & REMOTE SENSING 
It can be difficult to apply remote sensing in tropical northern Australia as a result of its 
monsoonal climate.  There is a predictable annual cycle of vegetation growth, drying and 
burning, where seasonal grass growth results in the renewal of fire fuel and subsequent 
obliteration of prior FAA.  During the dry season extensive burning affects remote sensing 
by changing the spectral reflectance properties of the burnt terrain, and causing high 
atmospheric content of smoke haze (Simpson 1990). 
In the arid zone however, there is no well defined annual cycle and thus the main problems 
for remote sensing arise from uncontrolled burning (by lightning or humans).  These fires 
may burn from days to weeks at any time during the year (Simpson 1990). 
These burnt areas are often characterised by ash, which is quite susceptible to wind or 
storms.  If this ash if then dispersed these areas can be characterised by bare soil or sand 
which have high reflectivity (Simpson 1990). 
Cloud cover is a serious constraint to remote sensing of fire, because clouds can obscure 
active fires, contaminate temperature readings and reflect sunlight.  Cloud effects in the 
Kimberley are worst during the ‘build up’ period i.e. transition between dry and wet 
seasons (Robinson 1991; Justice et al. 1993).  -  22  - 
2.3.3  CLIMATE & FIRE 
Atmospheric factors also influence regional fire regimes.  Rainfall, temperature, humidity, 
wind speed, solar radiation, thunderstorms and lightning directly affect fire.  Overall 
climate determines vegetation productivity and thus influences the rate of fuel 
accumulation.  Rainfall causes increased fuel moisture and when combined with high 
relative humidity decreases the chance of ignition, rate of combustion and spread.  Wind 
however tends to dry out fuels, increases available oxygen for combustion, and preheats 
and ignites fuel in advance of the fire front.  Changes in wind direction can also broaden 
the fire front (Whelan 1995). 
In the Kimberley region during the dry season, conditions are conducive to fire, as a result 
of high temperatures and little rain (Craig 1997).  Trade winds in association with 
subtropical ridging also result in high fire danger (Cheney & Sullivan 1997).  Solar radiation 
assists the fuel drying process by either evaporating surface moisture (deposited by high 
relative humidity) or curing dying plants (Cheney & Sullivan 1997). 
Lightning associated with thunderstorms has the ability to start fires, during the transition 
period from dry to wet.  For the ‘Kimberley High Rainfall Zone’ the number of lightning 
days is higher than 40 per year and occur from October to March/April.  For the 
‘Kimberley Low Rainfall Zone’ lightning is common between November and March and 
averages about 30 days per year (Craig 1997; Craig 1999). 
2.3.4  CLIMATE & VEGETATION 
Climate influences vegetation species distribution, density variation, regeneration and 
productivity.  Consequently the growth characteristics of vegetation varies from zone to 
zone (Simpson 1990; Whelan 1995).  -  23  - 
Rainfall influences fuel moisture, fuel load and the boundaries between spinifex and other 
vegetation types.  Good rainfall will often result in significant growth of annual grasses 
between hummocks, which will increase a fire’s rate of spread (Cheney & Sullivan 1997; 
Craig 1997). 
2.4  FIRE ECOLOGY AND PHENOLOGY 
Australian flora has evolved with fire.  On average it has been estimated that more than 2.5 
million hectares are burnt each year by wildfires. In Australia, grass is the most extensive 
fuel type and covers approximately 75% of the country.  The types of grasslands vary from 
northern to southern Australia.  These can be classified into five categories of tropical, 
hummock, and tussock grasslands, crop lands and improved pastures.  The frequency, 
intensity, season, and type (heading or backing) of fires is likely to affect all grasslands 
(Whelan 1995; Bond & Wilgen 1996; Cheney & Sullivan 1997). 
Tropical grasslands occur in areas of high rainfall (greater than 750mm per year) and are 
mainly associated with woodlands and open forests characterised by many eucalypt species.  
Tall annual sorghums (Sorghum intrans) are the most common grass species, however 
perennial Sorghum (S. plumosum) and tall perennial grasses (Heteropogon triticeus) dominate 
some areas.  Both annual and perennial short grasses are numerous, but tend to be sparse 
in distribution.  During the wet season the grass cover generally grows to three metres, and 
with the onset of the dry season progressively cure, before collapsing to form a uniform 
fuel bed (Cheney & Sullivan 1997). 
Hummock grasslands commonly occur across Australia between a latitudinal belt of 17
o 
and 23
o S, and cover about one third of the continent in regions drier than 750 mm/yr.  They are characterised by species that grow in a dense clump and form a mound or 
hummock after a few years (Figure 4).  These species range from semi-arid spear grass 
(Aristida  spp.) of the Northern Territory through the spinifex grasses (Triodia and 
Plectrachne) of central Australia and the arid zones, to buttongrass (Gymnoschoenus 
sphaerocephalus) of Tasmania (Cheney & Sullivan 1997). 
 
Figure 4.  The characteristic growth pattern of spinifex (Cheney and Sullivan, 1997). 
The hummock grasses in the genera Triodia and Plectrachne occupy at least 22% of the 
continent.  They are drought tolerators and occupy all soil zones, except those with heavy 
cracking clays or saline soils.  Triodia ssp. occur in the arid zone on well drained low 
nutrient soils, where their characteristic growth structure (expanding dome) dominates 
hummock grasslands.  They are also a significant understorey component of the mallee 
woodlands.  There are 64 described species and many are geographically widespread across 
all states except Tasmania.  Within the Kimberley low rainfall zone (< c. 400 mm) the most 
widespread species include Plectrachne pungens,  Triodia pungens,  T.wiseana  and  T.intermedia 
(Bogusiak et al. 1990; Rice & Westoby 1999). 
Hummock grasses are often differentiated as ‘hard’ or ‘soft’ spinifex; it has been shown 
that these groupings correlate well with leaf anatomy, leaf epidermal cells and resin 
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end of persistent stolons in clusters.  They grow as expanding domes with the active leaves 
on the outside surface and the dome may develop into a semi circle or ring of 30-100 cm in 
diameter (Cheney & Sullivan 1997; Rice & Westoby 1999). 
Soft species also have many stomatal grooves on their adaxial leaf surface, and few on their 
abaxial surface near their midrib.  The hard species however, have stomatal grooves on 
both leaf surfaces and are not resinous (Jacobs 1982). 
Spinifex grasslands are unusual among arid grassland types, in that they accumulate fuel 
progressively over many rainfalls and years, and the resin in the leaves enhances their 
flammability.  In other arid vegetation types sufficient fuel is available in occasional years 
after heavy rain and short lived herbage growth.  In hummock grasslands annual grasses 
also provide some fuel and consequently they burn much more frequently than other arid 
vegetation.  In uniformly cured pastures, fires will not spread unless they are more than 
50% cured and less than the saturation moisture content (35%) (Figure 5) (Cheney & 
Sullivan 1997; Rice & Westoby 1999). 
 
Figure 5.  Showing the relationship between rate of forward spread and a) degree of 
grass curing and b) dead fuel moisture content (Cheney and Sullivan, 1997). 
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In fully cured grasslands the rate of fire spread is dependent upon dead fuel moisture, wind 
speed and whether they have been cut.  In undisturbed pastures fires have been found to 
spread 18% faster than those which have been cut (Williams & Karoly 1999). 
In fire prone environments grasses can be classified as obligate seeders or resprouters.  
Obligate seeders are killed by fire and species regenerate from the establishment of 
seedlings, while regeneration for resprouters occurs from buds on the adult plants which 
survive the fire.  In hummock populations across Western Australia, Northern Territory 
and western New South Wales both fire strategies are found and can vary both within and 
between species (Bogusiak et al. 1990; Rice & Westoby 1999).  
In studies of regeneration of the ‘soft’ spinifex Triodia pungens after fire in the Pilbara region 
it was found that pastures along the coastal strip tended to resprout while inland 
populations regenerated from seed.  Species found in areas of low rainfall (less than 
250mm) regenerated quickly from seed and these included Triodia basedowii, T.wiseana, 
T.schinzii  and  T.pungens.  Likewise Casson & Fox (1987) found that the ‘hard’ spinifex 
species Triodia wiseana regenerates from resprouts.  Within the Kimberley low rainfall zone 
(< c. 400 mm) it has been found that soft spinifex species resprout when burning occurs 
soon after the rainy season (Casson & Fox 1987; Rice & Westoby 1999). 
In the first few years following a fire spinifex biomass has been found to accumulate in a 
‘step-like’ manner (Figure 6).  Periods of growth are followed by intervals in which little 



























Figure 6.  The accumulation of spinifex in a ‘step-like’ manner following a fire. 
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3.1 INTRODUCTION 
Remote Sensing and GIS (Geographic Information Systems) were used to analyse a series 
of fire affected areas (FAA).  Firstly case studies were selected based upon FAA and FHS 
(Fire Hot Spots) mapped by DLI SRSS, Landsat TM Quicklooks and visual analysis.   
Corresponding NOAA-AVHRR satellite imagery was then obtained, as well as a variety of 
digital datasets.  These included Beard’s vegetation maps (Great Sandy Desert, Kimberley 
and Pilbara), Atlas of Australian Soils, Northern Shire Boundaries, Pastoral Boundaries, 
Coastline and IBRA Regions.  A climate coverage containing 13 BOM (Bureau of 
Meteorology) stations was also created.  These datasets were then overlayed with the 
satellite imagery to enable analysis (Figure 7). 
 
Figure 7.  Summary of the steps taken to analyse FAA’s. 
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3.2 CASE  STUDY  SELECTION 
Imagery for each case study was selected after reviewing NOAA-AVHRR and Landsat TM 
Quicklooks, from the DLI SRSS and ACRES websites. 
The DLI SRSS website provided information on the satellite number, satellite orbit 
number, overpass date, time, location, FAA and FHS maps.  Images were chosen to fall 
within the period October 26
th - November 23
rd, and nearest to NADIR (i.e. area of 
interest most centrally located).  The FAA and FHS maps were viewed in ER Mapper (.erv) 
and ArcView (.shp). 
The ACRES website provided information on the satellite, sensor, date, time, path/row, 
cloud cover, orbit number, sun elevation and azimuth, latitude/longitude co-ordinates and 
ground station.  The Digital Catalogue was used to search for passes in the study area and 
check for FAA.  The following map co-ordinates and database were used: 
MAP 
Latitude: 20.5
o S  
Longitude: 120
o E  
Date Range (d/m/y): 26/10/01 - 23/11/01 
DATABASE 
ACRES [Landsat 4, 5, 7] - Australian Centre for Remote Sensing 
3.2.1  CASE STUDY SELECTION CRITERIA 
Case studies were selected to represent a diverse range of fire regimes: 
1)  Located within the signature reversal zone (i.e. 19
o S - 24
o S, and 112
o E - 129
o E)  -  30  - 
2)  Located within four different IBRA regions - Great Sandy Desert, Pilbara, Central 
Ranges, Dampierland 
3)  Located north of southern latitude boundary - 24
oS 
4)  Vegetation boundary - hummock and spinifex 
5)  Soil boundary - bright soils  i.e. red and white 
6)  Climate boundary - rainfall zones (low to intermediate: <400-700 mm), areas to the 
south of 18
 o and east of 127
 o are less affected by the monsoon 
7)  Fire in Season - Late Dry (October and November) 2001. 
3.2.2  CASE STUDIES 1 - 4 
All case studies were based on NOAA-16 imagery provided by DLI SRSS and were 
retrieved from tape, warped and inverted (vertically) (Appendix 1).  The location of each 
case study and the number of passes analysed varied (Table 5). 
Table 5. The location and no. of passes for case studies 1 - 4. 
Case Study  Location No. of Passes
1 Great  Sandy  Desert  19 
2 Pilbara  19 
3 Central  Ranges  12 
4 Dampierland  21 3.3 SATELLITE  DATA 
Two types of satellite imagery were utilised.  These included NOAA-AVHRR and Landsat 
TM (Figures 8 & 9).  Each NOAA-AVHRR image consisted of two files: a headerfile (.ers) 
and an associated datafile (Appendix 2).  
 
Figure 8.  An example of a NOAA-AVHRR image acquired from DLI. 
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Figure 9.  An example of a Landsat TM Quicklook image available for download 
from the ACRES website. 
3.3.1 NOAA-AVHRR 
NOAA-16 AVHRR imagery from 2001 was analysed.  A total of 10 bands were supplied.  
These included three reflectance (1, 2, 3A), two temperature (4 & 5), NDVI, and satellite 
and sun elevation and azimuth (Table 6).  The reflectance and temperature values had to be 
divided by 100, the NDVI by 1000 and the elevation and azimuth by 10 before analysis. 
Table 6.  The 10 bands supplied by DLI SRSS. 
NOAA AVHRR Band  Description 
1  Reflectance Channel 1 (% * 100) 
2  Reflectance Channel 2 (% * 100) 
3 NDVI  (*1000) 
4  Satellite Elevation (*10) 
5  Satellite Azimuth (*10) 
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NOAA AVHRR Band  Description 
6  Sun Elevation (*10) 
7  Sun Azimuth (*10) 
8  Brightness Temperature Channel 4 (deg C * 100) 
9  Brightness Temperature Channel 5 (deg C * 100) 
10  Reflectance Channel 3A (% * 100) 
 
3.3.2 LANDSAT  TM 
Rectifying 
Landsat TM Quicklooks were downloaded from ACRES website and rectified using ER 
Mapper.  Both the image (jpeg) and image co-ordinates were saved.  The image was loaded 
into an algorithm and the Pseudo Layer was duplicated three times and set to Red, Green 
and Blue (RGB).  This dataset was then saved as ‘ER Mapper Raster Dataset (.ers)’ and 
loaded.  The Geocoding Wizard was initiated from the Process menu and options were 
selected (Table 7). 
Table 7.  Geocoding Wizard Options. 
1. Start  Geocoding Type: Polynomial 
2. Polynomial Setup  Polynomial Order: Linear 
3. GCP Setup  Output Co-ordinates: AGD66, Geodetic, Latitude/Longitude 
4. GCP Edit  Add new GCP’s, Zoom to top left hand corner pixel and set as 
Cell X 0.0,Cell Y 0.0 and enter Latitude UL and Longitude UL 
5. Rectify  Output info, Resampling: Nearest Neighbour, Save File and Start 
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3.3.3 IMAGE  PROCESSING 
Pre-processing 
Pre-processing of the imagery was performed at DLI SRSS.  HRPT (High Resolution 
Picture Transmission) data are transmitted to Earth from a range of instruments on board 
the NOAA TIROS satellites.  This HRPT data are often stored more or less unchanged at 
many receiving stations, however in Australia the ASDA (Australia Satellite Data Archive) 
format is currently used to archive HRPT data.  Previously HRPT data were formatted 
directly to DISIMP (Device Independent Software for Image Processing).  This resulted in 
six channels in BIL (Band Interleaved by Line) format, with the first five containing 
AVHRR data and the sixth presync and TIP data (CSIRO 2001). 
CAPS is now used to correct NOAA-AVHRR data for both radiometric and geometric 
errors.  It reads generic NOAA-AVHRR data and converts counts to brightness 
temperatures, reflectances and radiances.  It is then used to geolocate the calibrated data 
and transform the data to map projection i.e. latitude/longitude (Figure 10) (Turner et al. 
1998; Craig et al. 2002).   
Figure 10.  Overview of the CAPS process and derived output. 
The ‘Clift Model’, a two stage navigation process is used in CAPS, to account for the 
position and altitude of the spacecraft over time.  Firstly a group of satellite passes (over at 
least ten days) is correlated to a coastline and a least squares regression is applied to 
determine the best fit for the current orbit.  The product the ‘state vector’ includes orbital 
parameters, satellite yaw and roll.  Secondly the state vector which is closest in time to the 
pass of interest, is propagated forwards or backwards to produce a coarse grid of control 
points for that pass.  These control points are then used for transforming the data to map 
projection.  Post-launch calibration is also done to allow the user to include the effect of 
sensor degradation on measured radiance and reflectance.  CAPS provides a positional 
accuracy of +/- 1 pixel (Turner et al. 1998; Craig et al. 2002).  
Post-processing 
Image processing was done with ER Mapper and ENVI, geographic image processing 
software, (Earth Resource Mapping Pty Ltd and Kodak Research Systems Inc. 
respectively). 
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ER Mapper 
Accuracy 
Accuracy of the image registration was checked in two ways.  Firstly two images were 
loaded into an algorithm and displayed as RGB (Red Green Blue).  The red layer contained 
the first image, while the green layer contained the second image.  Secondly a coastline 
(.dxf) provided by DLI SRSS was overlayed onto each image via the Algorithm toolbar 
button then selecting Edit → Add Vector Layer → AutoCAD DXF. 
Areas of Interest 
Firstly, one image was loaded into an algorithm and displayed using the greyscale colour 
table.  This layer was then duplicated 10 times and each band was loaded.  The smoothing 
option was turned off to allow individual pixels to be seen (Algorithm window) and the 
Zoom Box Tool (Standard Toolbar) was used to zoom into the area of interest (i.e. northern 
Western Australia).  This was then saved as an ER Mapper Algorithm (.alg) to use as a 
template to determine study areas, and check for FAA and cloud. 
Secondly, FAA mapped by DLI SRSS were overlayed onto each image using the Algorithm 
toolbar  button  then selecting Edit  → Add Vector Layer → Annotation/Map Composition.  
Bands 1, 2, 3 and 5 were then utilised in turn to visually verify fire and cloud affected 
pixels.  Clouds appear white in bands 1 and 2, and black in band 5.  Fire hot spots appear 
black in band 2 and white in band 5.  FAA however vary in appearance from dark (black) 
to light (white). 
A series of grids (generated in IDRISI) were then overlayed onto the images in order to 
randomly select a line of nine pixels (i.e. set) for analysis (Appendix 3).  In total, two sets were delineated within ER Mapper and their associated values in each band were extracted 
via Utilities → Export Raster → XYZ ASCII grid.  To export part of a raster image the 
following three parameters were set - Line Range, Cell Range and Band Range (Figure 11).  
The first two parameters varied depending upon the size of each image (i.e. Number of 
Lines and Number of Cells Per Line) given in the header file, while the band range stayed 
the same (i.e. 1-10). 
 
Figure 11.  The dialog box used to export part of a raster image via 
XYZ_ASCII_grid. 
ENVI 
Areas of Interest 
The 29 images were imported one at a time and the ENVI header files were edited using 
File → Edit ENVI header (Appendix 4).  The coastline, Northern Shire boundaries, and 
FAA mapped by DLI SRSS were then overlayed via File → Overlay Vectors and saved as a 
template to enable easy restoration using File → Restore Layers from Template. 
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Two areas of interest were delineated within ENVI as ROIs (Regions of Interest).  ROIs 
were defined on a pixel by pixel basis.  Statistics were then computed for all regions for all 
days (ROI Tool Dialog Box: Options → Stats for All Regions) and exported as ASCII (Output 
ROIs to ASCII). 
ROIs are portions of images, which tend to be selected graphically, although other 
methods such as thresholding are possible.  They do not have to be regular in shape and 
are used to extract statistics for operations such as classification and masking.  If the images 
are of equal size then ROIs defined in one image will be displayed in other images with the 
same size (Research Systems Inc. 2001).  If the images vary in size however, as in this case, 
Reconcile ROIs (ROI Tool Dialog Box) was employed to allow ROIs to be applied to images 
with different spatial sizes and hence allow statistics to be extracted for the same area. 
3.4 CLIMATE  DATA 
3.4.1 SOURCE 
The climate data were obtained from the Bureau of Meteorology (BOM).  Data for 13 
meteorological stations were obtained.  These included Balgo Hills, Bidyadanga, Broome 
Airport, Cadjebut, Derby Aero, Giles, Halls Creek Airport, Mandora, Marble Bar, Mount 
Elizabeth, Pardoo Station, Port Hedland and Telfer (Figure 12).  Daily data covering the 
period October 1
st to November 30
th was requested.  This information provided maximum 
and minimum air temperatures (
oC), maximum wind gust speed (km/h) and direction 
(compass points), rainfall in 24 hrs (mm), evaporation in 24hrs (mm) and bright sunshine 
(hours).  Other data also provided included 9am and 3pm air temperature (
oC), relative 
humidity (%), total cloud (oktas), wind speed (km/h) and direction (compass points).   Mean, lowest and highest daily averages were calculated too.  Monthly rainfall data for the 

















500 0 500 1000 Kilometres
BOM Stations #
Figure 12.  The 13 Bureau of Meteorology stations from which data were acquired. 
3.4.2 COMPILATION 
The compilation of original data proved to be quite time consuming.  Firstly the data for 
each station had to be transferred from 10 tables into ‘Excel’ and then reorganised, before 
saving into a suitable format for import into ‘ArcView’ (Figure 13). 
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Figure 13.  The steps required to create a digital climate coverage. 
As the data were obtained in hard copy form, the first step involved scanning it into the 
computer using ‘Omni Page Pro 8.0 for Macintosh’.  The resulting data however was then 
in a picture format (pixel) and therefore it was necessary to perform OCR (Optical 
Character Recognition) and Proof, before importing into ‘Excel’.  Once in ‘Excel’ the data 
had to be reformatted and reorganised to match the original data.  The resulting 
spreadsheet contained all the data for the 10 stations including their location.  As the 
location was provided in latitude and longitude, these had to be converted into decimal 
degrees to match the base map (Kimberley region).  This was done by dividing both the 
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minutes and seconds by 60.  A new table was then created with one row of data for each 
station.  This data included maximum and minimum temperature and rainfall, and 3pm 
temperature, relative humidity and total cloud.  Two separate files were created and saved 
in a suitable format (DBF) to be imported into ‘ArcView’.   
These two files were then opened in ‘ArcView’ using Project: Add Table and then displayed 
in a View using View: Add Event Theme.  These event themes were then converted to 
shapefiles using Theme: Convert to shapefile.  The two shapefiles created contained the 10 
stations, their locations and climate attributes. 
To enable modelling of the climate information it was then necessary to open 
ModelBuilder using Model: Start ModelBuilder.  The shapefiles were then converted into 
point themes using Add Process: Data conversion → Point Interpolation.  Once these point 
coverages were created they could then be interpolated to produce climate coverages of 
temperature, rainfall, relative humidity and total cloud distribution. 
The additional data provided in digital form was rearranged in ‘Excel’ and added to 
‘ArcView’ as above.  Moreover a new shapefile containing all 13 stations was created. 
3.4.3 PROCEDURES 
In order to produce a continuous climate coverage for the study region two methods of 
interpolation were considered.  These included Inverse Distance Weighting (IDW) and 
Kriging.  The IDW method was adopted as it is an available option using ArcView’s 
ModelBuilder, whereas as kriging requires ArcInfo.  Moreover all interpolation methods 
share a fundamental assumption that unknown values can be approximated from known 
values via their spatial proximity (Ormsby & Alvi 1999).  -  42  - 
IDW is a method of interpolation which assumes that each input point has a local influence 
which decreases with distance.  The points that are closer to the processing cell thus have a 
greater weight than those situated further away.   For each location a specified number of 
points or all points within a set radius can be used to determine the output value (Ormsby 
& Alvi 1999).  
Kriging is a method of interpolation which is derived from ‘regionalized variable theory.’  It 
depends upon the expression of a property’s spatial variation and minimises estimated 
prediction errors (Oliver & Webster 1990).  The objective of kriging is to predict or 
interpolate attribute values at points which have not been sampled (Bailey & Gatrell 1995).  
It assumes that the distance or direction between points are spatially correlated. This 
technique fits a mathematical equation to a specified number of points or all points within 
a set radius to determine the output value at each location (Environmental Systems 
Research Institute Inc. 1996). 
IDW has one disadvantage when compared to kriging, as it cannot be tested (i.e. via 
semivariograms) before creating an interpolated grid.  Semivariograms allow the actual 
variation between values at each point versus the distance between each point to be 
compared to predicted variation calculated via kriging.  If the two are close then this 
method can be considered suitable.  In the IDW case however preliminary grids have to be 
created before evaluation instead.  Interpolation of climate data (such as rainfall) using 
IDW appears to be reliable, as rainfall at an unknown point is most likely to be similar to 
one at a station in close proximity (Ritchie 2000). 
Interpolated surfaces were created for all of the climate data using IDW function in 
ModelBuilder.  These grids included: total cloud, wind speed, rainfall in 24 hrs, 3pm 
temperature and relative humidity. 3.5 VEGETATION  DATA 
3.5.1 SOURCE 
Vegetation data were obtained from the WA Department of Agriculture.  This included 
three digital coverages of Beard’s vegetation maps; the Great Sandy Desert, Kimberley and 
Pilbara regions respectively.  No further compilation was necessary as shapefiles, DBF’s 
(dBASE files) and SHX’s (shape index files) were provided.  An ‘Excel’ document 
containing vegetation association descriptions was also supplied. 
3.5.2 ANALYSIS 
The vegetation shapefile had to be converted into a grid theme before any analysis could be 
performed.  The command Theme: Convert to Grid was used.  This grid theme was then 
clipped to the study area shape by setting the Output Grid Extent to this area (Figure 14). 
 
Figure 14.   Conversion Dialog Box within ArcView.  
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When the vegetation theme was converted to grid the ‘count field’ was calculated.  This 
field listed the number of grid cells in each vegetation type.  The dominant vegetation 
association (i.e. covers more than 90%) was then able to be identified. 
To confirm vegetation association is dominant the following query [Count] = highest 
number and New Set was performed. 
The vegetation theme was then reclassified into four classes i.e. Hummock, Mosaic: 
Hummock, Shrublands, and Bare areas/claypan. 
Once completed, the vegetation grid theme was then overlayed with the soil grid theme, 
and the location of the fire affected area. 
3.6 SOIL  DATA 
3.6.1 SOURCE 
The soil data were acquired from the WA Department of Agriculture.  They provided the 
‘Digital Atlas of Australian Soils’ for the whole of the Kimberley and Pilbara regions. 
The atlas comprises a set of maps originally compiled by Northcote et al. (1968) and 
published by CSIRO and Melbourne University Press in 1960-1968.  Moreover the digital 
version was created by the National Resource Information Centre (NRIC), now Advanced 
Research and Development Centres (a branch of the Bureau of Resource Sciences) in 1991 
from scanned published hardcopy maps.  They have since been revised in 1998, and made 
available on the web.  Accompanying explanatory notes were also scanned, edited and 
saved in rich text format files and made available for download (Bureau of Rural Sciences 
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No further compilation was necessary as shapefiles, DBF’s (dBASE files) and SHX’s 
(shape index files) were all provided.  A corresponding soil atlas dictionary was also 
downloaded from the Bureau of Rural Sciences website (http://www.brs.gov.au/data). 
3.6.2 ANALYSIS 
The soil shapefile also had to be converted into a grid theme using the command Theme: 
Convert to Grid.  The Output Grid Extent and Grid Cell Size were then specified before Pick 
field for cell values and Join feature attributes to grid.   
When the soil theme was converted to grid the ‘count field’ was again calculated.  This field 
listed the number of grid cells in each soil type.  The dominant soil unit was then able to be 
identified.  To confirm a soil unit was dominant the following query [Count] = highest 
number and New Set was performed. 
The soil output was then entered into ‘Excel’ and percent cover was calculated.  A 
reclassification was also performed whereby each soil type was reassigned into colour types. 
Once the above steps were completed the soil grid theme was overlayed with the 
vegetation grid theme, and the location of the fire affected area. 
3.7 IBRA  REGIONS 
The Australian continent has been divided into eighty five IBRA (Interim Biogeographical 
Regions of Australia) regions (Figure 15).  These regions represent a ‘landscape based 
approach’ to enable classification of Australia’s land surface from a range of continental 
datasets containing environmental attributes (Environment Australia 2000). The digital version (5.1) of this dataset was downloaded from Environment Australia’s 
website (http://www.ea.gov.au/parks/nrs/ibra/index.html), and overlayed onto the study 
transects.  The four IBRA regions included the Central Ranges, Dampierland, Great Sandy 
Desert and Pilbara.  Each of these regions have an associated description covering 
landform, lithology/geology, vegetation and climate (Environment Australia 2000). 
 
Figure 15.  Map of IBRA (v5.1) regions covering Australia (Environment Australia 
2000).  
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A Digital Elevation Model (DEM) for the Kimberley Region was provided by DLI SRSS 
(Figure 16 a & b).  This DEM however proved to be unusable (i.e. visual image) and thus it 
was converted to ASCII GRID using ARC/INFO.  The resultant DEM grid was then 
added to ‘ArcView’ via View: Add Theme.  Elevation was then displayed in metres ranging 
from a low of 0-137m to a high of 1100-1236m (Figure 17).  Maps of aspect and slope 
were then derived using Surface: Derive Slope and Derive Aspect.  
a)  b)   
Figure 16.  a) The pseudocolor image - blue indicates areas of low elevation and red 
indicates high elevation b) Sun-shading has been applied to highlight the relief 
across the study area. 
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Figure 17.  The elevation map derived for the study area.  
3.9 ALGORITHM 
An IDL algorithm was provided by DLI SRSS to automatically map hotspots, however 
major modifications were required to enable semi-automatic or automatic mapping of fire 
affected areas.  Unfortunately the details of this algorithm cannot be provided in this thesis 
due to copyright restrictions, however the general framework is included (Appendix 5). 
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4  CASE STUDY 1 
 
This chapter is presented in two sections.  The first section provides a description of the 
study area and analysis of the ancillary datasets, while the second covers the raw satellite 
data (i.e. TOA reflectance, Brightness temperatures, vegetation indices - NDVI, GEMI, 
GEMI3 and VI3), together with atmospherically and BRDF corrected reflectances (i.e. 
Surface reflectance) and NDVI. 
4.1  STUDY AREA DESCRIPTION & ANCILLARY DATA 
ANALYSIS 
4.1.1 INTRODUCTION 
The Great Sandy Desert occupies the larger fraction of the northern desert area north of 
the Tropic of Capricorn, and ranges from a latitude of 18
o to 20
o S and a longitude of 120
o 
to 128
o E.  It is essentially a sandhill region bounded by the Tanami Desert to the northeast 
and east; and the pindan formation of Dampierland to the northwest.  To the north it is 
bounded by the tree and shrub steppe formations constituting the arid fringe of the 
Kimberley, while in the south the boundary borders the Pilbara block.  The climate can be 
described as arid tropical with summer rainfall.  In this region the precipitation rate ranges 
from 200-300 mm yearly which is predominantly received in summer (Beard 1990). 
The physiography of the region is comprised of a gently undulating plain rising from the 
coast inland to 450m above sea level.  This plain is divided into two very old and extensive 
river basins, which are now inactive.  Most of the surface rocks are Permian to Cretaceous in age, and the soils are predominantly red earthy and siliceous sands, with some ironstone 
gravels locally.  Although the more recent rocks often crop out to form mesas and small 
buttes, the linear dunes are the most distinct features.  They conform to the prevailing 
winds, range in size up to 250 km and are absent from the salt lakes and uplands (Beard 
1990). 
The flanks of the dunes are usually thickly vegetated with hummock grass (‘spinifex’) with 
scattered shrubs, however the crests tend to be bare due to wind action (Figure 18).  The 
universal species of hummock grass is Plectrachne schinzii (feather-top spinifex).  The 
vegetation of the interdune can be described as ‘tree steppe’ (trees, shrubs and hummock 
grass) or ‘shrub steppe’ (shrubs and hummock grass) which is more common.  The amount 
of sand present in the interdune influences the vegetation found with Plectrachne schinzii 
associated with deep sand and Triodia pungens or Triodia basedowii (south of latitude 22
o S) 
with shallow sand or bare laterite gravel (Beard 1990). 
 
Figure 18.  Hummock grasslands found within the Great Sandy Desert 
biogeographic region (Environment Australia 2000). 
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4.1.2 LOCATION 
The first study site was located within the Great Sandy Desert biogeographic region at 
approximately 20.21
o S and 122.34
oE (see Figure 1 Chapter 1). 
4.1.3 CLIMATE 
The year 2001 was characterised by an extremely wet summer in the north and west which 
was associated with the monsoon (11
th February) and tropical cyclone ‘Winsome’ (near 
Gulf of Carpentaria).  This was declared a ‘La Nina’ pattern, however during autumn this 
pattern diminished, and there was a return to more normal rainfall for most of the country.  
Southern areas were an exception with extremely low rainfall in winter (Bureau of 
Meteorology 2002).   
During October and November 2001 both temperature and rainfall were slightly below the 
average (calculated over 30 years from 1961-1990).  Rainfall earlier in the year (February, 
March and July) however was very much above average (Bureau of Meteorology 2002).  
Synoptic Charts 
The synoptic charts for each day over the 29 day period were acquired and examined for 
high fire risk (Appendix 6).  In particular, hot and dry winds (south easterly) blowing from 







rd (Figures 19a - f). a)   b)   
c)   d)   
e)   f)   
Figure 19.  Synoptic charts illustrating high fire danger days a) October 26 b) 
November 11 c) November 12 d) November 19 e) November 20 f) November 23 
(Bureau of Meteorology 2003). 
Station Data 
Data from 13 stations in northern Western Australia supplied by BOM were analysed with 
regard to bushfire weather.   The significant findings included days where the relative 
humidity was extremely low (< 20%), the wind speeds were fresh (> 30 km/h), the 
 -  52  - maximum wind gusts were strong (> 40 km/h), the rainfall was negligible (0 mm) and the 
cloud cover was low (0 oktas) (Appendix 7).  
These stations were also analysed with regard to the hypothesis that rainfall and wind 
decrease the signal to noise ratio of the fire signal. 
Transect 1 
The nearest recording station was Mandora (~152.44 km) which received 594.7 mm for the 
year, with a maximum of 226.4 mm (February) and a minimum of 0 mm (April, May, 
August to December) (Figure 20).  During the course of the study period (i.e. October 26 






















Figure 20.  Rainfall recorded for the year 2001 at Mandora station. 
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4.1.4 SOILS 
To address the hypothesis that areas of similar vegetation and soil have a characteristic 
spectral and temporal signature with respect to the fire event the ‘Digital Atlas of 
Australian Soils’ was analysed for transect 1 (i.e. 157 x 10 pixels), set 1 (i.e. 9 x 1 pixels) and 
set 2 (i.e. 9 x 1 pixels) (see Chapter 3 - General Methods). 
Transect 1 
The study transect is characterised by four soil units (i.e. B28, AB21, AB22 & AB40) which 
vary from the siliceous sands of the dune fields to Pindan and ironstone gravels (Table 8). 
Table 8.  Descriptions of the soil units found within the study transect as given by 
the Atlas of Australian Soils (Northcote et al. 1968). 
Code Map  Unit  Description 
B28 
Sand soils of minimal 
development (Uc1)  Siliceous 
sands (Uc1.2) 
 
Dune fields-largely stable linear dune fields with 
swales opening locally into sand plains.  Dune 
lineation is generally E-W but in the area west of 
123
oE longitude the trend is NW-SE; some pans 
and depressions; some isolated residual sandstone 
hills: chief soils are red siliceous sands (Uc1.23) of 
the dune crests and flanks.  Red earthy sands 
(Uc2.51) and possibly red earths (Gn2.12) 
sometimes containing ironstone gravel are 
associated in swales and sand plains.  Other soils 
include (Gn2.21) and/or (Gn2.61), sometimes 
containing ironstone gravels, in low sites; (Dy1.33) 
and (Dy1.43) and possibly similar (Dr1) soils in 
depressions; and (Uf) or (Ug) soils in pans 
AB21 
Sand soils with weak 
pedologic development (Uc5) 
b) Earthy sands (Uc5.2) i) Red 
forms (Uc5.21) 
 
Pindan country--gently undulating sand plain with a 
few small rocky sandstone residuals; no external 
drainage: chief soils are red earthy sands (Uc5.21), 
with associated (Uc5.11) and hummocks of 
siliceous sands (Uc1.23).  Occurs on sheet(s): 
6,9,10 
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Code Map  Unit  Description 
AB22 
Sand soils with weak 
pedologic development (Uc5) 
b) Earthy sands (Uc5.2) i) Red 
forms (Uc5.21) 
 
Gently undulating sand plain as for unit AB21 but 
with many rocky sandstone residuals: chief soils 
are red earthy sands (Uc5.21), with (Uc5.11) and 
(Uc1.23) as for unit AB21. Associated are bare rock 




Sand soils with weak 
pedologic development (Uc5) 
b) Earthy sands (Uc5.2) i) Red 
forms (Uc5.21) 
 
Gently undulating plain slightly more elevated than 
unit AB39, and dominated by longitudinal dunes, 
many exposures of ironstone gravels and some 
breakaways capped by ironstone (laterite) duricrust: 
chief soils are red earthy sands (Uc5.21), with red 
siliceous sands (Uc1.23) on the dunes. There is an 
increased amount of (KS-Uc5.21) soil compared 
with unit AB39, and locally it may become 
dominant.  Occurs on sheet(s): 10 
 
 
The above four soil units were reclassified by soil colour and it was found that they were all 
brightly coloured i.e. red (cover = 100%) (Table 9). 
Table 9.   Reclassified soils according to colour and percent cover. 
Map unit  Cover (%)  Colour 
B28 41.97  Red 
AB21 6.11  Red 
AB22 5.86  Red 
AB40 46.05  Red 
 
Set 1 
All pixels within this set were classed AB40 and thus reclassified as red (cover = 100%). 
Set 2 
Within the second set eight of the nine pixels were identified as AB40, while one was 
classed B28.  Moreover they were all reclassified as red (cover = 100%).  -  56  - 
4.1.5 VEGETATION 
Beard’s digital vegetation map of the Great Sandy Desert was used to determine vegetation 
type, in order to address the hypothesis that areas of similar vegetation and soil have a 
characteristic spectral and temporal signature with respect to the fire event (see Chapter 3 - 
General Methods). 
Transect 1 
Within the study transect only three vegetation associations (i.e. 101, 155 & 713) were 
found (Table 10). 
Table 10.  Descriptions of the vegetation associations found within the study 
transect (Hopkins et al. 2001). 
Code Description 
101  Hummock grasslands, shrub steppe; Acacia pachycarpa over soft spinifex 
 




Mosaic: Hummock grasslands, open low tree steppe; bloodwood (Eucalyptus 
dichromophloia) over soft spinifex soft spinifex / Hummock grasslands, open low 
tree steppe; desert walnut over soft spinifex between sandridges  
 
 
The vegetation was reclassified according to four classes of vegetation type - Hummock, 
Mosaic: Hummock, Shrublands and Bare areas/claypan.  In this instance the vegetation 
was found to be predominantly hummock (> 90% cover) (Table 11). 
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Table 11.  Reclassified vegetation according to type and percent cover. 
Vegetation Association  Cover (%)  Vegetation Type 
101 11.78  Hummock 
155 28.66  Hummock 
713 59.55  Mosaic:  Hummock 
 
Set 1 
For the first set all pixels (i.e. 9) were classed as 713 and hence reclassified as Mosaic: 
Hummock (cover = 100%). 
Set 2 
The pixels for the second set were also classed as 713 and reclassified as Mosaic: 
Hummock (cover = 100%). 
4.1.6 LAND  USE 
The major tenure types of land use indicated within the Great Sandy Desert for 1999 were 
‘State owned crown land with no assigned use’ (55.27%) and ‘Indigenous land’ (32.39%) 







State owned crown land with assigned uses
(transport, stock routes)
State owned crown land with no assigned use
Non-Indigenous pastoral lease 
Indigenous pastoral lease 
Indigenous land 
National Parks (proclaimed and gazetted)
Conservation lands (not gazetted)
 
Figure 21.  The area of tenure types (%) within the Great Sandy Desert 
biogeographic region. 
Sandy Desert Basin 
The major land use within this basin for 1996/97 was ‘Minimal use’ (86.70%) (Figure 22).  












Waterbodies not elsewhere classified
 
Figure 22.  The area of land uses (%) within the Sandy Desert Basin for 1996/97. 
 -  58  -  -  59  - 
4.2 SATELLITE  DATA  ANALYSIS – RAW, ATMOSPHERIC & 
 BRDF  CORRECTED 
4.2.1 INTRODUCTION 
Satellite remote sensing has an important part to play in mapping area burnt by fire at 
global, national and regional scales.  Satellites can be used to detect and map areas burnt by 
fires using both reflectance and brightness temperatures, which are measured in a number 
of spectral bands.  NOAA-16 AVHRR has two dedicated reflectance (Ch 1 - visible & 2 - 
near-infrared) and brightness temperature (Ch 4 & 5) bands.  There is also an additional 
band (Ch 3) which records reflectance during the day (Ch 3A) and brightness temperature 
at night (Ch 3B) (Turner et al. 1998; Dymond et al. 2001). 
There are difficulties however, in quantifying burnt areas by daily reflectance and 
brightness temperature measurements.  These include atmospheric and BRDF 
(bidirectional reflectance distribution function) effects, as well as cloud cover.   
Atmospheric effects are a problem as they interfere with satellite measurements of the 
Earth’s surface, causing inaccurate readings (Rahman & Dedieu 1994).  Both aerosol 
properties and water vapor content need to be calculated for every pixel to enable accurate 
interpretation of remotely sensed data.  BRDF effects are also a problem as differences in 
recorded reflectances are often the result of varying sun and satellite positions from day to 
day.  For example late afternoon observations have low solar elevation and the satellite has 
a nine-day orbital repeat cycle (i.e. passes over the same locality on earth every ninth day).  
Cloud can also be problematic as it may restrict the use of nadir imagery, and thus there is a 
need to analyse and correct data from non nadir days (Lee et al. 1975; O'Brien et al. 1998; 
Dymond et al. 2001).  -  60  - 
Atmospheric corrections 
Simple atmospheric correction algorithms such as Paltridge and Mitchell (1990) have been 
used to calculate atmospherically corrected surface reflectances in the past.  Today 
however, more advanced algorithms such as 6S code (Second Simulation of the Satellite 
Signal in the Solar Spectrum, Vermote, 1997) and SMAC (Simplified Method for 
Atmospheric Corrections, Rahman & Dedieu 1994) are utilised.  Moreover they have been 
employed at the preprocessing stage to correct remotely sensed data.  The advantages of 
SMAC are that it is much faster than the more detailed 6S code and “precalculated” lookup 
tables are not required. 
BRDF corrections 
Many surfaces have spectral responses that are non-Lambertian (i.e. scatter light 
‘anisotropically’).  It is thus necessary to understand the bidirectional reflectance function 
of a surface to enable decisions to be made about the need to correct for this BRDF effect 
to allow consistent comparisons to be made between images from different days (Roujean 
et al. 1992a; Burgess & Pairman 1997; Qin et al. 2001).  The bidirectional reflectance 
distribution function (BRDF) simply describes how reflectance is dependent upon both the 
solar and satellite viewing angles. 
The variation in viewing geometry has been identified by many authors as a reason for the 
differences in recorded AVHRR reflectance data.  ‘The two perturbing factors related to 
viewing angle effects are i) anisotropy of the surface reflectance properties and ii) 
absorption and scattering by the atmosphere’ (p.686) (Roujean et al. 1992a; Burgess & 
Pairman 1997). Both the satellite zenith angle “the angle of observation of the sensor with respect to 
vertical” (p.848) and the solar zenith angle “the angle that the sun makes with the local 
vertical zenith” (p.848) vary from image to image (Figure 23) (Lee et al. 1975).  Typically the 
satellite zenith can vary in proportion to the scan angle from 0
o (nadir) to 69
o (extreme off-
nadir).  The solar zenith angle which changes with time and location can decrease by up to 
20
o when a site is viewed from backward to forward directions over a set timeframe (Wu et 
al. 1995; Dymond et al. 2001). 
 
Figure 23.  Illustrating the satellite (θ) and solar zenith (θO) angles (after Lee et al. 
1975, modified). 
Many BRDF models have been applied to correct satellite sensor data,  including empirical 
(Walthall et al. 1985), semiempirical (Roujean et al. 1992; Wu et al. 1995) and physical 
(Dymond et al. 2001).  Empirical models allow the calculation of reflectance from a simple 
analytical function of angles, which describe the viewing geometry of the target and sun.  
Furthermore they only require a few parameters that can be estimated from reflectance 
measurements, and are quick and easy to implement.  Semi-empirical models are a 
combination of empirical and physical, and often contain parameters which allow the 
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extraction of surface parameters.  Physical models however, tend to be more robust in 
extrapolation as they model the vegetation canopy itself or the shadows that are cast onto 
it.  Dymond et al. (2001) developed a simple physical model of vegetation reflectance 
(WAK1 and II), while Strahler et al. (1999) have developed the MODIS BRDF/Albedo 
algorithm in which semi-empirical models are employed to calculate BRDF corrected (i.e. 
surface) reflectances (Paltridge & Mitchell 1990; Jupp & Strahler 1996; Dymond et al. 2001). 
BRDF effects can also be minimised through the use of vegetation indices.  The 
normalized difference vegetation index (NDVI) has often been used as a means of 
reducing the variations caused by bidirectional reflectance for vegetation monitoring.   
However the NDVI will not completely cancel out the BRDF effects, if the BRDF’s of the 
individual channels used to calculate the NDVI are different (Smith, personal 
communication, March 14, 2003).  It is worth noting that the viewing geometry influences 
the NDVI much less than the visible (Ch 1) and near-infrared (Ch 2) reflectance bands.  
NDVI is usually at a maximum for high solar elevations and small satellite viewing angles 
(Roderick 1994; Wu et al. 1995; O'Brien et al. 1998; Cihlar et al. 2001). 
Alternative vegetation indices such as GEMI (Global Environment Monitoring Index), 
GEMI3 and VI3 have been employed too.  GEMI has been found to reduce atmospheric 
effects, account for vegetation and soil optical properties, and is sensitive to bright surfaces 
such as deserts, clouds and snow.  GEMI3 an empirical modification of GEMI utilises the 
reflective component of channel 3 instead of channel 1 (i.e. visible).  VI3 a normalised 
index is less sensitive to bidirectional reflectance, haze, water vapour absorption and 
subpixel clouds (Kaufman & Remer 1994; Verstraete & Pinty 1996; Pereira 1999). 
In this study, a time series of AVHRR satellite imagery was corrected for both atmospheric 
and BRDF effects.  The atmospheric correction method utilised was that of Paltridge and  -  63  - 
Mitchell (1990).  The BRDF correction method employed was based upon algorithms 
detailed in the MODIS BRDF/Albedo product (Strahler et al. 1999).   
The overall aim of the study was to develop an algorithm for the near real-time automatic 
detection of land cover change from bushfires using daily measures of temperature, surface 
reflectance and vegetation indices from wide field of view sensors such as AVHRR and 
MODIS.  This entailed examination of the following hypotheses: 
•  Bushfires will cause an increase in daytime temperature 
•  Changes in surface reflectance during an orbital repeat cycle due to varying sun and 
view angles plus atmospheric effects are greater than those caused by bush fires. 
•  Change due to bushfires in the NDVI from uncorrected reflectance as an empirical 
method of correction is improved where the reflectances are also corrected using 
mechanistic models. 
•  Alternative vegetation indices such as VI3, GEMI and GEMI3 provide better 
spectral separability between burnt and unburnt classes than NDVI.  -  64  - 
4.2.2 METHODS 
The first study area was located within the Great Sandy Desert at approximately 20.21
o S 
and 122.34
o E (see Figure 1 Chapter 1).  It is characterised by bright red soils, hummock 
grasslands, low elevation and linear dunes.  The climate is classified as arid tropical with 
summer rain (Environment Australia 2000). 
NOAA-16 AVHRR imagery over a West Australian site impacted by bushfires was 
extracted from tape archive and processed using CAPS (Common AVHRR Processing 
Software) at DLI to radiometrically and geometrically correct the data (see Chapter 3 or 
Turner et al. 1998 for details), before a separate script was employed to calculate the NDVI.  
Only afternoon passes were utilised. 
A time series of reflectances, brightness temperatures and vegetation indices (NDVI, 
GEMI, GEMI3 and VI3) from AVHRR over 29 days from October 26
th to November 23
rd 
2001 were investigated over an area where bushfires had recently occurred. 
The satellite images were interpreted using ENVI software on a PC computer.  Portions of 
the image were defined using the ROI (Region of Interest) Tool.  This process involved the 
selection of pixels and extraction of statistics, in which statistics were computed for every 
band for the selected ROI.  A total of 10 bands were available and these included 
reflectance, NDVI, elevation, azimuth and brightness temperature (Table 12). Table 12.  The bands derived from processing software for NOAA-16 AVHRR 
Band Description 
1  Reflectance Channel 1 (0.58-0.68 µm) 
2  Reflectance Channel 2 (0.725-1 µm) 
3  NDVI 
4  Satellite Elevation 
5  Satellite Azimuth  s φ  
6  Sun Elevation 
7  Sun Azimuth φ  
8  Brightness Temperature Channel 4 (10.30-11.30 µm) 
9  Brightness Temperature Channel 5 (11.50-12.50 µm) 
10  Reflectance Channel 3A (1.58-1.64 µm) 
 
The statistics calculated for all bands included the mean, standard deviation, minimum and 
maximum.  Coefficients of variation  µ σ /  (standard deviation/mean) were also calculated 
in ‘Excel’.   
A transect of 157 by 10 pixels was selected in an east-west direction.  This direction was 
chosen to maximise the area of land affected by fire.  The transect was divided into three 
categories (burnt, unburnt and mixed) by means of visual inspection.  Initially a fire 
affected pixel had to be at least 50% burnt.  Multiple bands (i.e. 1, 2, 3A, 4 & 5) were 
utilised together with FAA and FHS mapped by DLI to assist classifying pixels.  Statistics 
were then computed on a pixel by pixel basis for each day (excluding the 10 cloudy days) 
over the 29 day period from October 26 to November 23.  The raw reflectance (Ch 1, 2 & 
3) values were then used to calculate three alternative vegetation indices: GEMI (equation 
1), GEMI3 (equation 2) and VI3 (equation3) before corrections to channel 1 and 2.   
 -  65  - Channels 1 and 2 were corrected for solar zenith (equation 4), atmosphere (equation 5) and 
BRDF (equation 16) (Appendix 9).  A Spectral Discrimination Index (M) was also 
calculated (equation 19) to compare pre- and post-fire values. 
GEMI and GEMI3 were calculated using equations 1 and 2: 
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The reflectance values were corrected for varying solar zenith angles using the following 
equation (4). solar R  = 
θ cos
R
           ( 4 )  
Atmosphere corrections were applied to the raw data using the Paltridge and Mitchell 
(1990) equation (5) 
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0      (5) 
where 
atmosphere R = surface bidirectional reflectance 
K = measured albedo 
M = molecular multiple scatter 
s θ = satellite zenith angle  
j Φ = scattering phase function - molecular and aerosol 
j Q = “integrated source function” related to molecular and aerosol scatter 
θ = solar zenith angle 
m = total air mass from sun to ground (secθ  + sec s φ ) 
τ = aerosol optical depth 
 
This equation was incorporated into ‘Excel’ and macros were employed to calculate 
atmospherically corrected reflectance values for all pixels i.e. 1570.  These corrected 
reflectances were then corrected for BRDF using a linear kernel based model the 
RossThick_LiSparse. 
  
 -  67  - Cloud Screening 
Cloudy data were eliminated through visual inspection of the 29 satellite images.  In total, 
19 of 29 images were considered acceptable in terms of freedom from cloud 
contamination. 
Viewing Geometry 
The satellite and solar zenith angles were calculated using equations 6 and 7: 
Satellite zenith = 90 - satellite elevation            (6) 
Solar  zenith  =  90  -  solar  elevation        (7) 
Atmospheric Corrections 
To enable calculation of atmospherically corrected reflectance using equation (5) some 
assumptions and modifications were necessary before it could be applied. 
In the first instance M (molecular multiple scatter) was taken to be 0.08 for channel 1 and 
0.04 for channel 2 i.e. the lower values.  This was decided upon after discussion with 
Marsden (personal communication, December 4, 2002), who emphasised that the air is 
relatively clean in Western Australia, there is little pollution and area is at low altitude. 
Secondly, the aerosol optical depth τ  was taken to be 0.1 for channel 1 and 0.07 for 
channel 2 following Paltridge and Mitchell (1990).  However it was also suggested that a 
value of 0.05 would be more appropriate unless it was very smoky (0.1) (Marsden, personal 
communication, November 13, 2002). 
 -  68  - Thirdly, the scattering angle and the scattering phase functions for molecular  0 Φ and 
aerosol  were calculated from equations 8, 9 and 10:  1 Φ
Θ = ( ) s s s φ φ θ θ θ θ − + cos sin sin cos cos        ( 8 )  
( ) Θ + = Φ
2
0 cos 1 75 . 0          ( 9 )  
{ } 2 . 9 032 . 0 3 . 11 exp
018 . 0
1 − Θ + = Φ
Θ − e        ( 1 0 )  
where θ  and  s θ are the sun and satellite zenith angles and ( ) s φ φ −  is the relative azimuth 
angle between the sun and satellite. 
Fourthly, the “integrated source function” applicable to  molecular  and aerosol 
scatter were calculated for both channels 1 and 2 using formulas and lookup table 
values given in Paltridge and Mitchell (1990).  Equations 11 and 12 define molecular and 
aerosol scatter for channel 1, while equations 13 and 14 define molecular and aerosol 
scatter for channel 2. 
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Equations for molecular and aerosol scatter for Channel 2: 
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Once reflectance had been calculated according to equation 2 (i.e. atmospherically 
corrected) for both channels 1 and 2, the vegetation index NDVI was recalculated using 
equation 15 and compared to the original. 
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BRDF Corrections 
BRDF corrections were applied to representative samples of the data using a linear kernel 
based model the ‘RossThick-LiSparse.’  The framework of this model is outlined in the 
MODIS BRDF/Albedo product: Algorithm Theoretical Basis Document (Strahler et al. 
1999).  The basis of this model is that land surface reflectance can be modelled as an 
aggregate of three kernels, which represent basic scattering modes (equation 16).  These are 
isotropic, radiative transfer-type volumetric and geometric-optical surface scattering (Hu et 
al. 2000). 
()( ) ( ) ( ) ( ) ( ) φ θ θ φ θ θ φ θ θ , , , , , , , s geo geo s vol vol iso s K f K f f R Λ + Λ + Λ = Λ    (16) 
where 
= θ  solar zenith angle 
= S θ  satellite zenith angle 
= φ  view-sun relative azimuth angle 
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= vol K  RossThick kernel 
= geo K  LiSparse kernel 
Kernel Model Parameters 
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The RossThick kernel assumes a dense leaf canopy and is given by equation 17: 
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where 
cos = ξ scattering angle =  φ θ θ θ θ cos sin sin cos cos s s +  
The LiSparse kernel assumes a ‘sparse ensemble of surface objects’ (Lucht et al. 2000) 
which cast shadows on the background and is given by equation 18: 
() () s s s LSR geo k K θ θ ξ θ θ φ θ θ ′ ′ ′ + + ′ − ′ − Ο = = sec sec cos 1
2
1
sec sec , ,     (18) 
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The algorithm which was subsequently implemented by the MODIS Science Team has 
been incorporated into an ‘Excel’ spreadsheet by Maier.  This enabled the atmospherically 
corrected reflectances to be standardised to nadir surface reflectance.  The input data used 
were satellite zenith and azimuth angles, sun zenith and azimuth angles, and 
atmospherically corrected reflectances.  The calculated data included relative azimuth, 
RossThick and LiSparse kernels, reflectance model and nadir reflectance for both the 
visible (Ch 1) and near-infrared (Ch 2) channels (Appendix 10).  The BRDF corrected 
reflectances were then used to recalculate NDVI using equation 15 and compared to the 
original (Appendix 9). 
To enable comparison between pre- and post-fire values M (Spectral Separability Index) 
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= pre µ mean value for unburnt pixel class 
= post µ mean value for burnt pixel class 
= pre σ standard deviation of values for unburnt pixel class 
= post σ  standard deviation of values for burnt pixel class 
In this study a set of nine pixels (i.e. 1 row) was corrected for BRDF.  This was chosen as 
representative of a 90 pixel block, where the area had either remained unburnt or become 
burnt over the course of the study.  At this stage a larger sample size was not selected, as it 
is a very tedious and time-consuming approach, which is ultimately going to be automated.  
Thus the aim was to get an idea of how the BRDF affected the pixel reflectance values in 
varying areas including those characterised by spinifex and red earthy sands. 
In total, two pixel sets were analysed and graphed.  The first represented an area that was 
unaffected by fire and the second represented an area which had been subjected to fire 
during the middle of November.  The mean reflectance was calculated for each day from 
October 26 to November 23.  This entailed the aggregation and averaging of values for 
pixels one to nine.  These nine pixels were deemed homogenous as a result of vegetation, 
soil and angle analysis. 
The satellite and solar zenith angles were also graphed to enable the corresponding cycles 
to be analysed.  Full representative cycles were not entirely visible due to missing data, 
primarily as a result of cloud cover. 
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4.2.3 RESULTS 
Three datasets of varying sizes were analysed.  These included transect 1 (i.e. 1570 pixels), 
set 1 (i.e. 9 pixels) and set 2 (i.e. 9 pixels). 
The hypotheses tested included: 
1)  Bushfires will cause an increase in daytime temperature (Section 4.2.3.1) 
2)  Changes in surface reflectance during an orbital repeat cycle due to varying sun and 
view angles plus atmospheric effects are greater than those caused by bushfires 
(Section 4.2.3.2). 
3)  Change due to bushfires in the NDVI from uncorrected reflectance as an empirical 
method of correction is improved where the reflectances are also corrected using 
mechanistic models (Section 4.2.3.3). 
4)  Alternative vegetation indices such as VI3, GEMI and GEMI3 provide better 
spectral separability between burnt and unburnt classes than NDVI (Section 
4.2.3.4). 
Viewing Geometry 
During the 29 day period, the solar zenith angle ranged from a minimum of 20.3
o 
(November 18) to a maximum of 44.9
o (November 9) (Appendix 11).  The satellite zenith 
angle ranged from near nadir 0.2
o  (November 4 and 13) to extreme off nadir 66.5
 o  
(October 30 and November 18) (Appendix 11). 
 4.2.3.1 Temporal Change in Temperature 
Transect 1 
It was found that brightness temperatures (Ch 4 & 5) increased over burnt areas during the 
fire period between November 12 and 23.  However there were also some non-fire days 













































































































































































































Figure 24.  Mean daily variations - Channel 4 brightness temperature for burnt, 
unburnt and mixed pixel areas. 












































































































































































































Figure 25.  Mean daily variations - Channel 5 brightness temperature for burnt, 
unburnt and mixed pixel areas. 
Set 2 
Pre-fire vs Post-fire 
Statistical 
The mean pre-fire temperature value versus the post-fire value for channel 4 and 5 varied.  
Channel 4 post-fire temperature was reduced, while channel 5 was increased (Figure 26).  
The variation between pre- and post-fire days for each was very low (i.e. < 2
oC).   







































Figure 26.  Mean pre-fire (□) vs post-fire (■) brightness temperatures for channels 4 
and 5. 
 -  77  - 4.2.3.2 Temporal Change in Reflectance 
Transect 1 
Uncorrected Data (TOA Reflectance) 
Findings for the fire period from November 12 to 23 indicate that channel 1, 2 and 3A 
reflectances decreased over the burnt area (Figures 27, 28 & 29).  However, when looking 
at the whole period (i.e. October 26 to November 23) there was variation in reflectance 
values for all the unburnt areas.  The mixed pixels reflectance values tended to sit between 
the areas on the ground that were burnt and unburnt.  Channel 3A recorded reflectances 






























































































































































































Figure 27.  Mean daily variations - Channel 1 reflectance (TOA) for burnt, unburnt 
and mixed areas. 






























































































































































































Figure 28.  Mean daily variations - Channel 2 reflectance (TOA) for burnt, unburnt 

































































































































































































Figure 29.  Mean daily variations - Channel 3A reflectance (TOA) for burnt, unburnt 
and mixed pixel areas. 
 -  79  - Solar Corrected Data  
When the raw (i.e. TOA) channel 1 and 2 reflectance data were corrected for solar zenith 
angle there was only a slight increase in reflectance values with the exception of off nadir 

































































































































































































Figure 30.  Mean channel 1 (TOA) vs solar corrected channel 1 reflectance for burnt, 
unburnt and mixed pixel areas. 

































































































































































































Figure 31.  Mean channel 2 (TOA) vs solar corrected channel 2 reflectance for 
burnt, unburnt and mixed pixel areas. 
October 26 
When looking at a near nadir day (i.e. October 26), the solar corrected reflectance values 
for channel 1 and 2 increased, however the solar zenith angle varied only slightly from 
32.2
o to 33.6
o over the study transect (Figures 32 & 33). 





























Ch 1 - Solar
 




































Ch 2 - Solar
 
Figure 33.  Comparisons of the observed & solar corrected reflectance for channel 2. 
 -  82  - Atmospheric Corrected Data 
Atmospheric correction of channels 1 and 2 using the Paltridge and Mitchell (1990) 
equation resulted in decreased reflectance values for all days (Figures 34 & 35).  During the 


































































































































































































Figure 34.  Mean daily variations of the original channel 1 vs atmospheric corrected 
channel 1 reflectance. 

































































































































































































Figure 35.  Mean daily variations of the original channel 2 vs atmospheric corrected 
channel 2 reflectance. 
October 26 
When looking at a near nadir day (i.e. October 26) channel 1 and 2 reflectances decreased 
when an atmospheric correction was applied (Figures 36 & 37). 




























Ch 1 - Atmospheric
 

































Ch 2 - Atmospheric
 
Figure 37.  Comparison of observed & atmospheric corrected channel 2 reflectance. 
 -  85  - Set 1 
BRDF Corrected Data (Surface Reflectance) 
BRDF corrections of channels 1 and 2 resulted in increased surface reflectance for most 
days (Figure 38).  For channel 1 however there were some exceptions (i.e. October 31, 
November 9 & 23).  On these days reflectance values were relatively unchanged.  The 



























































































































































































) Ch1 - Atmospheric
Ch1 - BRDF 
Ch2 - Atmospheric
Ch2 - BRDF
Ch1 - mean BRDF
Ch2 - mean BRDF
 
Figure 38.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2. 
The satellite zenith angle varied little during each day, however over the 29 day period there 
was much variation (Figure 39).  A minimum of 2
o (nadir - November 13) and a maximum 
of 66.3
o (off nadir - October 30) were achieved.  Two cycles, a nine and 16-day, are evident 
in the data. 
































































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Satellite Zenith
 
Figure 39.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2, with the satellite zenith cycle. 
The solar zenith angle remained fairly constant within a low (20-30
o) to medium (30-45
o) 



































































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Solar Zenith
 
Figure 40.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2, with the solar zenith cycle. 
 -  87  - Set 2 
BRDF Corrected Data (Surface Reflectance) 
Surface reflectance for both channel 1 and 2 varied from day to day over the course of the 
study period (Figure 41).  BRDF corrections resulted in increased reflectance values for 
unburnt pixels and overall produced a flattened trend.  During the fire period (November 
12-23) surface reflectance for both channels 1 and 2 were reduced for the burnt areas.  The 
mean NADIR reflectance values calculated were 12.25 and 19.80 percent respectively for 






























































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
 
Figure 41.  Comparisons of atmospheric and BRDF corrected nadir reflectance 
(unburnt days only) for channel 1 and 2. 
The satellite zenith angle varied between 0.5
o at nadir (November 13) to 66.1
o off nadir 
(November18) (Figure 42).  The two repeat cycles i.e. nine and 16-day are visible too. 
































































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Satellite Zenith
 
Figure 42.  Atmospheric vs BRDF corrected nadir reflectance (unburnt days only) 
for channel 1 and 2, with the satellite zenith. 
The solar zenith angle varied from cycle to cycle from a low of 20.5
o (November 18) to a 
high of 43.7
































































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Solar Zenith
 
Figure 43.  Atmospheric vs BRDF corrected nadir reflectance (unburnt days only) 
for channel 1 and 2, with the solar zenith cycle. 
 -  89  - Pre-fire vs Post-fire 
Statistical 
The pre-fire reflectance values for both channels (visible and near-infrared (NIR)) were 
greater than the post-fire values (Figure 44a).  Moreover the pre-fire BRDF corrected nadir 































































Figure 44.  Pre-fire (□) vs post-fire (■) corrected reflectances: a) atmospheric and b) 
BRDF for the visible and NIR channels. 
BRDF correction enabled greater separation between pre-fire and post-fire values for both 






























































Figure 45.  a) raw (i.e. TOA) reflectance b) BRDF corrected reflectance 
 -  90  -  -  91  - 
The Spectral Discrimination Index (M) employed by Pereira (1999) was utilised to measure 
separability for both channels between pre- and post-fire conditions.  This measure also 
indicated that there was better separation between the two groups after BRDF correction 
(i.e. M >1) (Table 13). 
Table 13.  Pre-fire vs post-fire separability for the visible and NIR channels (raw, 
atmospheric and BRDF corrected). 
 
Spectral Discrimination Index (M)   
Visible   NIR  
Raw (TOA)  0.52  1.06 
Atmospheric 0.52  1.08 
BRDF (Surface) 1.03  1.23 
 
Deterministic 
The model parameters f1 (isotropic), f2 (volumetric) and f3 (geometric-optical) give 
respective strength of each type of scattering in the scene viewed.  The BRDF parameters 
were investigated and it was found that f1 and f3 decreased, while f2 increased for each 
individual pixel i.e. one to nine, as well as the mean (Appendix 12).    Analysis of the above 
parameters allowed two rules to be devised.  These included:  -  92  - 
1)  If a pixel is burnt nadir surface reflectance decreases for both the visible and near-
infrared channels. 
2)  If a pixel is burnt the parameters f1 and f3 will decrease, while f2 will increase. 4.2.3.3 Temporal change in NDVI 
Transect 1 
Uncorrected Data 
The NDVI varied between 0.05 (fire day) to 0.23 (non-fire day).  During the fire period 






















































































































































































Figure 46.  Mean daily variations in NDVI for burnt, unburnt and mixed pixel 
areas. 
Atmospheric Corrected Data 
October 26 
The NDVI increased by up to 0.04 after an atmospheric correction (Figure 47). 














Figure 47.  Comparisons of the observed and atmospheric corrected NDVI for 
October 26 (non-fire day). 
Set 1 
BRDF Corrected Data 
The NDVI varied from 0.19 to 0.28 after a BRDF correction was applied (Figure 48).  On 
extreme off-nadir days (i.e. October 31 & November 9) the NDVI increased by up to 0.08, 
while on near nadir days (i.e.  November 4 & 13) it remained relatively unchanged (i.e. 
<0.03). 



















































































































































































Figure 48.  Temporal profile of raw and BRDF corrected NDVI for Set 1. 
Set 2 
BRDF Corrected Data 
The NDVI varied from 0.17 to 0.28 after BRDF corrections were applied (Figure 49).  On 
off-nadir days (i.e. November 9) the NDVI increased by up to 0.09, while on near nadir 
days (i.e. November 4) it varied little (i.e. 0.02). 



















































































































































































Figure 49.  Temporal profile of raw and BRDF corrected NDVI for Set 2. 
Pre-fire vs Post-fire 
Statistical 
The mean pre-fire NDVI values were greater than the post-fire values.  This finding is 
consistent with the literature that states fire will cause a reduction in NDVI (Figure 50).  










Figure 50.  Pre-fire (□) vs post-fire (■) raw, atmospheric and BRDF corrected 
NDVI. 
The Spectral Discrimination Index (M) was calculated for NDVI.  This measure indicated 
that there was good separation (i.e. M > 1) between pre- and post-fire conditions.  There 
was however little change in separability strength after both an atmospheric and BRDF 
correction were applied (Table 14).  
Table 14.  Pre-fire vs post-fire NDVI separability for the 3 groups: raw, atmospheric 
and BRDF corrected.   
 
Spectral Discrimination Index (M) 
Raw   1.09 
Atmospheric 1.04 
BRDF   1.06 
 -  97  - 4.2.3.4 Temporal change in alternative vegetation indices 
Set 2 
The vegetation index GEMI varied little over the course of the study period, while VI3 






































































































































































































Figure 51.  Temporal profile of GEMI and VI3 for Set 2. 
Pre-fire vs Post-fire 
Statistical 
The mean post-fire values for both indices decreased (Figure 52).   





































Figure 52.  Pre-fire (□) vs post-fire (■) GEMI and VI3. 
The Spectral Discrimination Index (M) was calculated for both GEMI and VI3, and 
compared to NDVI.  This measure indicated that GEMI performed the best, followed by 
NDVI, BRDF corrected NDVI, atmospheric corrected NDVI and then VI3 was the least 
satisfactory (Tables 14 & 15).  
Table 15.  Pre-fire vs post-fire separability for GEMI and VI3. 
 
Spectral Discrimination Index (M) 
GEMI 1.29 
VI3 0.60 
 -  99  -  -  100  - 
4.2.4 DISCUSSION 
Uncorrected Data 
Overall, these results agree with the findings of the literature indicating that burnt areas 
have decreased reflectance, vegetation indices (NDVI, GEMI and VI3), and increased 
temperatures.  However, it was found that corrections must be applied to the reflectance 
channels (1, 2 & 3A) as these are influenced by both the atmosphere, and varying viewing 
and illumination geometries.  Over the 29 day period, at least three nine-day repeat cycles 
were evident within the data.  This resulted in some extreme off-nadir days, in particular 
October 30 and November 18. 
According to the literature, the reflectance value for channel 1 and 2, is often increased 
when viewing angles become too large.  Burgess and Pairman (1997) found that the highest 
channel 1 and 2 reflectances occur at large zenith angles.  Moreover, the accuracy of 
correction decreases if viewing angles exceed 40
o  (Paltridge & Mitchell 1990) or 50
o 
(Rahman & Dedieu 1994).  The normalised vegetation index (NDVI) can be seen as an 
exception, as it depends much less on the viewing geometry than channel 1 (visible) and 
channel 2 (near-infrared) reflectances (Wu et al. 1995).  Cihlar et al. (1994) did suggest 
however, that errors could still exist in the observed NDVI change and thus they favoured 
atmospheric corrections.  Alternative vegetation indices such as GEMI and VI3 have been 
found to reduce atmospheric effects (Kaufman & Remer 1994; Pereira 1999).  Moreover, 
to date all authors have utilised channel 3 to calculate VI3 for NOAA-AVHRR data, 
whereas in this study channel3A was employed instead.  Fraser et al. (2000) replaced the red 
channel with the SWIR (equivalent to channel3A) for SPOT VEGETATION.  They found 
that this channel has the advantage of being less sensitive to smoke contamination as it is 
fairly transparent to aerosols, and is rarely saturated by fire (Fraser et al. 2000).  Stroppiana  -  101  - 
et al. (2003) utilised the SWIR channel to map burnt areas and replaced the red channel 
with the SWIR to calculate a new index NDWI (Normalised Difference Water Index).  
This index is equivalent to VI3 and is sensitive to the “vegetation water content” (p.2138) 
(Stroppiana et al. 2003a). 
There were limitations with the use of the brightness temperature channels, as only channel 
4 and 5 were available.  This is due to the fact that on NOAA-16 AVHRR the thermal 
channel 3B (3.55-3.93 µm) is only available for the evening, while channel 3A (1.58 - 1.64 
µm) data are collected during the day.  This thermal channel has been used for identifying 
and mapping FAA, though the visible and near-infrared channels have been used to a 
greater extent. 
The literature states that temperature increases over burnt surfaces relative to pre-fire due 
to the fact that observed surface heating is caused by a mixture of factors.  These factors 
include lowered albedo of soil surface, altered soil water relations, insulative effect of litter 
and removal of vegetation shading.  The usefulness of the thermal channels to detect these 
burnt areas has been questioned however, as variability exists due to time since fire, degree 
of contrast with surrounding land cover and meteorological conditions (Pereira et al. 1999).  
In this instance an exception was found for set 2 whereby the mean post-fire channel 4 
brightness temperature decreased slightly.  This could be attributed to small sample size, 
accuracy of the boundary definition between pre and post-fire days, or the need for 
correction.  Craig et al. (2002) also pointed out that firescars tend to appear colder than the 
surrounding vegetation.  -  102  - 
Corrected Data 
Application of the simple cosine equation did not have the desired effect of detrending (i.e. 
removing angular effects).  One reason for this may be the fact that this approach is far too 
simplistic, as both solar and satellite zenith angles play a role.  Wu et al. (1995) pointed out 
that solar and satellite zenith angles are not completely independent of one another. 
When a comparison was made between solar and satellite zenith angles on an individual 
day (such as October 26
th), it was apparent that little variation in angles occurred.  As a 
result, when the simple cosine equation was applied, little change was noted.  However, it 
was noticeable that the solar corrections were not uniform, which suggests that the 
corrections were accounting for the small variation that existed.  Furthermore, when the 
mean reflectances for each day were graphed, it was evident that the viewing geometries 
varied significantly over the 29 day period.  This reflects the fact that satellite elevation is 
known to progress from 1 horizon to the other during the nine-day orbital repeat cycle 
(O'Brien et al. 1998). 
Atmospheric corrections 
The application of Paltridge and Mitchell’s (1990) equation had the desired effect of 
detrending the data.  This was apparent when both the mean corrected and uncorrected 
reflectance values were plotted for all days.  It is imperative to note that the degree of 
correction depends on the parameters used, such as aerosol optical depth and molecular 
multiple scattering (M).  In this instance, the lower values for M and aerosol optical depths 
of 0.1 (Ch 1) and 0.07 (Ch 2) were adopted (Paltridge & Mitchell 1990).  Mitchell (2002) 
has since recorded aerosol optical depths at Lake Argyle and found that there is a typical 
seasonal pattern, with a low in June and a high in September-October i.e. height of burning  -  103  - 
season.  In October 2001 the average aerosol optical depth recorded at 1020 nm was 0.09, 
while in November it was 0.13 (Mitchell 2002). 
Another limitation of employing the atmospheric correction was evident when the mean 
reflectances were plotted.  Out of the nine days only about seven were useful, suggesting 
that extreme off nadir views cannot be corrected as pixel distortion and atmospheric 
effects are probably too great. 
The incorporation of Paltridge and Mitchell’s (1990) equation allowed correction for 
atmospheric absorption and scattering for a standard atmosphere.  Limitations were 
evident however, including the fact that it is best applied to surfaces with viewing angles 
not greater than 40
o, and full cover grassland in the state of Victoria (Paltridge & Mitchell 
1990).  Mitchell (personal communication, December 10, 2002) also suggests that the 
method utilised is quite dated and much research has been done since.  Review of more 
recent research supports this comment.  For example, it is been observed that the 
underlying soil in sparse vegetation can contribute to the canopy’s overall reflectance, and 
thus the need to employ an equation which takes account of both soil and vegetation type 
(Paltridge & Mitchell 1990). 
BRDF corrections 
BRDF plays an important role in optical remote sensing and needs to be accounted for in 
order to enable accurate estimations of albedo and surface reflectance, as well as correcting 
multiangular satellite data. 
The application of BRDF correction appeared to work well for channel 1.  These 
corrections had the effect of detrending the data.  Channel 2 however was an exception.  
One reason for this may have been the fact that channel 2 was more influenced by an  -  104  - 
incorrect atmosphere correction (Maier, personal communication, February 3, 2003).   
Rahman et al. (1993) supports this notion that the presence of the atmosphere may critically 
contaminate satellite measurements.  Cihlar et al. (1994) also noted the differences between 
channel 1 and 2.  They suggested that Rayleigh scattering is more prominent at shorter 
wavelengths and that water vapor absorption bands are a crucial source of attenuation in 
channel 2. 
Another potential source of error is aerosol optical depth.  Paltridge and Mitchell (1990) 
found that these errors are insignificant for small viewing angles but increase rapidly when 
satellite zenith angles are greater than 40
o. 
For set 1, an area that was unaffected by fire during the study period, the BRDF was fitted 
to most days with the exception of cloudy ones.  Set 2 though, represented an area which 
had undergone a transition from being unburnt to partially and fully burnt.  As a result the 
BRDF was fitted twice, firstly to pre-fire days (i.e. October 26 - November 9) and secondly 
to post-fire days (i.e. November 13 - 23).  The primary reason for this is the fact that the 
BRDF is influenced by land cover, and fire causes either the removal or alteration of 
vegetation.  It has been suggested that at least seven days worth of data is required out of a 
16-day cycle for a reasonable fit (Maier, personal communication, January 22, 2003).  In the 
case of set 2 there were only six post-fire days out of a possible 11, due to cloud cover.  
Moreover, it is worth noting that Grant (2001) suggested that only greater than four days 
are required for an adequate fit. 
There were definite cycles evident within the data for both satellite and solar zenith angles.  
As a result reflectance values appeared to change.  For example, reflectances tended to 
increase with increasing solar zenith angles.  It is important to note that varying surface 
types display different solar zenith angle dependence on albedo.  This is because of the  -  105  - 
change in optical and structural properties for differing land cover type which results in 
differing BRDF’s (Lucht et al. 2000).  Another reason for the large variation in satellite and 
solar zenith angles is the fact that NOAA-AVHRR satellites suffer from orbital drift 
(Gleason et al. 2002).  In this instance an 11 minute slip in time occurred for subsequent 
days over the nine-day cycle before readjustment (Steber, personal communication, 
February 7, 2003).  It was also evident that the combined atmospheric-BRDF corrections 
did remove the effect of the large solar zenith angles for both channel 1 and 2. 
In this study, algorithms from the MODIS/BRDF albedo product were applied in an 
attempt to try and produce more accurate AVHRR results.  Furthermore, the atmospheric 
correction method which was applied, is by no means the best, but in this case gave a good 
indication that improvements are achievable. 
A better way to increase the accuracy of the AVHRR data would have been to employ an 
atmospheric correction at the pre-processing stage. 
It is also worth pointing out that ‘noise-like’ variation can often be expected in the data as a 
result of calibration and geolocation accuracy, changes in surface moisture and atmospheric 
conditions, changes in sensor orbit, latitude of observation and time of year, and variability 
in footprint size relating to pixel position within the swath (Lucht et al. 2000). 
In relation to the first hypothesis that bushfires will cause an increase in daytime 
temperature, this was found to be the case for the transect data.  For set 2, a discrepancy 
was found for mean pre-fire channel 4 temperature.  As regards to the second hypothesis, 
that variations in surface reflectance due to varying sun and view angles plus atmospheric 
effects are greater than those due to bushfires, it could be concluded that this was the case 
over the whole 29 day period.  A clear separation however, was noticeable during the fire  -  106  - 
period between the unburnt and burnt classes of pixels for the uncorrected transect data.  
After atmospheric and BRDF correction, the pre- and post-fire spectral separability for 
both the visible and near-infrared channels was enhanced, thereby supporting the 
hypothesis.  Thirdly, the hypothesis that NDVI from uncorrected reflectance as an 
empirical method of correction is improved where the reflectances are also corrected using 
mechanistic models, was also supported.  However in the case of set 2, the pre- and post-
fire spectral separability was reduced slightly when corrections were applied, although all 
the individual values increased.  With regard to the fourth hypothesis, that alternative 
vegetation indices such as VI3, GEMI and GEMI3 provide better spectral separability 
between burnt and unburnt classes than NDVI, this was found to be the case for GEMI.  
The vegetation index VI3 however, was worse than NDVI at separating unburnt and burnt 
pixels.  This finding was consistent with Pereira (1999) with regard to GEMI, however it 
was inconsistent for VI3. 
Numerous authors such as Burgess and Pairman (1997), Roujean et al. (1992a), Wu et al. 
(1995) and Strahler et al. (1999) have recognised that atmospheric effects; viewing and 
illumination geometry cause significant differences in AVHRR reflectances over a temporal 
sequence.  Thus they have sought to employ suitable atmospheric and BRDF corrections.  
More recently they have recognised the need to account for variations in soil background, 
land cover type and canopy structure.  This has ultimately led to the incorporation of both 
atmospheric (such as 6S or SMAC) and BRDF correction algorithms, which take into 
account of all these factors. 
In summary, uncorrected data for non nadir days appear to be heavily influenced by the 
atmosphere, viewing and illumination geometry, thus corrections are firstly required to 
enable more accurate analysis.  With regard to the application of atmospheric and BRDF  -  107  - 
corrections a vast array of models exist and implementation at the pre-processing stage is 
recommended.  They involve a complex web of intermingled factors which often lead to 
corrections being too simplistic, as was found in this study.  However, it is worth noting 
that improvements to the data were made thus warranting further exploration and 
implementation of the MODIS/BRDF albedo product. 
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5  CASE STUDY 2 
This chapter is presented in two sections.  The first section provides a description of the 
study area and analysis of the ancillary datasets, while the second covers the raw satellite 
data (i.e. TOA reflectance, Brightness temperatures, vegetation indices - NDVI, GEMI, 
GEMI3 and VI3), together with atmospherically and BRDF corrected reflectances (i.e. 
Surface reflectance) and NDVI. 
5.1  STUDY AREA DESCRIPTION & ANCILLARY DATA 
ANALYSIS  
5.1.1 INTRODUCTION 
The Pilbara region covers the northernmost part of the ancient Western Shield and is 
bordered by the Canning (east) and Carnarvon (west) Basins (Figure 53).  It is a 
mountainous region comprising Archaean granite and volcanic areas with overlying 
deposits of Proterozoic sediments.  There are four major components to the Pilbara 
Craton - Roebourne, Chichester, The Fortescue Plains and Hamersley regions.  Roebourne 
is characterised by quaternary alluvial plains with grass savanna (mixed bunch and 
hummock) and dwarf shrub steppe (Acacia translucens) over Triodia pungens.  On marine 
alluvial flats, samphire, mangal and sporobolus are found.  Chichester is typified by 
Archaean granite and basalt plains which supports shrub steppe (Acacia pyrifolia) over 
hummock (Triodia pungens) grasses.  On ranges however, tree steppe (Snappy Gum) is 
found.  The Fortescue Plains are alluvial; and salt marsh, mulga-bunch and short grass 
communities dominate.  Along drainage lines River Gum woodlands are also found.   
Hamersley on the other hand, is a mountainous area exemplified by Proterozoic sedimentary ranges and plateau with mulga low woodland over bunch grasses on finely 
textured soils.  Snappy Gum over Triodia brizoides is found on sandy soils within the ranges 
(Beard 1990; Environment Australia 2000). 
This region is classified as arid tropical with summer rain; and annually receives between 
250-300 mm (Beard 1990; Environment Australia 2000). 
 
Figure 53.  An example of spinifex and scattered trees found within the Pilbara 
Region (Environment Australia 2000).  
5.1.2 LOCATION 
The study site was located at approximately 21.88
o S and 121.09
o E within the Pilbara 
region (see Figure 1 Chapter 1). 
 -  109  - 5.1.3 CLIMATE 
Station Data 
The nearest continuous recording station was Telfer Aero (~119.35 km) located at 21.71
o S 
and 122.23
o E.  This station received the least amount of rainfall (i.e. 461.6 mm) for the 
whole year, with a maximum of 178.6 mm (February) and minimum of 0 mm (April, 



























Figure 54.   Monthly rainfall recorded at Telfer Aero for 2001. 
During the study period from October 26 to November 23, interpolation maps showed 
that four of the 29 days had extremely low relative humidity (i.e. < 20%), and three days 
had high cloud cover (oktas > 4).  No significant rain (< 5mm) or strong winds (> 30 
km/h) were recorded (Appendix 7). 
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5.1.4 TOPOGRAPHY  AND  SOILS 
The Pilbara region is characterised by hard alkaline red soils (plains and pediments) and 
shallow and skeletal soils (ranges) (Beard 1990).  Within the study transect three soil units 
were found - Oc75, AB41 and Lb12 as indicated below (Table 16). 
Table 16.  Descriptions of the soil units found within the study transect as given by 
the Atlas of Australian Soils (Northcote et al. 1968). 
Code Map  Unit  Description 
Oc75 
Hard-setting loamy soils with 
red clayey subsoils (Dr2) 
iii) Alkaline reaction trend 
through profile 
iii) Sporadically bleached A2 
horizon (Dr2.33) 
Dissected pediments associated with dolomites and 
some chert breccias: chief soils are shallow and 
stony varieties of hard alkaline red soils (Dr2.33) 
along with some (Um5.51) soils.  Occurs on 
sheet(s): 10 
AB41 
Sand soils with weak 
pedologic development (Uc5) 
b) Earthy sands (Uc5.2) 
i) Red forms (Uc5.21) 
Undulating areas on chert breccia with frequent 
rock outcrops; these areas are elevated above the 
main drainage-ways but are lower relatively than 
adjacent ranges: chief soils are shallow red earthy 
sands (Uc5.21).  Occurs on sheet(s): 10 
Lb12 
Cracking clay soils (Ug5) 
Brown calcareous earths (Gc) 
b) Grey-brown highly 
calcareous loamy earths 
(Gc1.12) 
Valley flats along major drainage lines, associated 
with limestone and calcareous gravels (kunkar): 
chief soils are highly calcareous earths (Gc1.12) 
with minor areas of shallow calcareous loams 
(Um1.1). Associated are areas of hard red soils 
(Dr2.33) and some cracking clays (Ug5.37).   
Occurs on sheet(s): 6,10 
 
When the above three soil units were reclassified according to soil colour it was found that 
they were all brightly coloured (i.e. red and white) (Table 17). 
Table 17.  Reclassified soils according to colour and percent cover. 
Map unit  Cover (%)  Colour 
Oc75 11.11  Red 
AB41 44.44  Red 
Lb12 44.44  White 
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5.1.5 VEGETATION 
The study area falls within the Fortescue Botanical District, which is characterised by tree- 
and shrub-steppe communities comprised of Eucalyptus trees, Acacia shrubs, Triodia pungens 
and Triodia wiseana.  Moreover, some mulga occurs in valleys, while short-grass plains are 
found on alluvia (Beard 1990).  The study transect was characterised by three vegetation 
associations - 82, 179 and 191 as indicated below (Table 18). 
Table 18.  Description of the vegetation associations found within the study transect 
(Hopkins et al. 2001). 
Code Description 
82  Hummock grasslands, low tree steppe; snappy gum over Triodia wiseana  
 
179  Hummock grasslands, shrub steppe; Acacia pachycarpa & A. victoriae over soft 
spinifex & T. wiseana 
191  Hummock grasslands, low open tree & shrub steppe; sparse snappy gum, Acacia 
pachycarpa & A. victoriae over T.pungens & T. brizioides  
 
 
The vegetation was reclassified according to four classes of vegetation type - Hummock, 
Mosaic: Hummock, Shrublands and Bare areas/claypan.  In this case the vegetation was 
found to be all Hummock (100% cover). 
5.1.6 LAND  USE 
The major tenure types within the Pilbara for 1999 were ‘Non indigenous pastoral lease’ 
(56.30%) and ‘State owned crown land with no assigned use’ (19.87%) (Figure 55) 










State owned crown land with assigned uses
(transport, stock routes)
State owned crown land with no assigned use
Non-Indigenous pastoral lease 
Indigenous pastoral lease 
Indigenous land 
National Parks (proclaimed and gazetted
Conservation lands (not gazetted)
Other reserves (hunting, historical, heritage)
Water reserves (wetlands, storages)
Non-rangelands
 
Figure 55.  The area of tenure types (%) within the Pilbara biogeographic region. 
De Grey River Basin 
The major land uses within this basin for 1996/97 were ‘Livestock grazing’ (76.10%) and 








Waterbodies not elsewhere classified
 
Figure 56.  The area of land uses (%) within the De Grey River Basin for 1996/97. 
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5.2 SATELLITE  DATA  ANALYSIS – RAW, ATMOSPHERIC & 
BRDF CORRECTED 
5.2.1 INTRODUCTION 
This section is presented in a similar way to the previous chapter with all four research 
hypotheses being tested.  The background information on atmospheric and BRDF 
corrections is presented in Chapter 4. 
5.2.2 METHODS 
The methods utilised for this case study were the same as those in case study 1, however 
only one set of nine pixels was analysed (see Section 4.2.2 Chapter 4 for details). 
5.2.3 RESULTS 
The following hypotheses were tested in this study: 
1)  Bushfires will cause an increase in daytime temperature (Section 5.2.3.1) 
2)  Changes in surface reflectance during an orbital repeat cycle, due to varying sun and 
view angles plus atmospheric effects, are greater than those caused by bush fires 
(Section 5.2.3.2). 
3)  Change due to bush fires in the NDVI from uncorrected reflectance as an empirical 
method of correction is improved where the reflectances are also corrected using 
mechanistic models (Section 5.2.3.3). 4)  Alternative vegetation indices, such as VI3, GEMI and GEMI3, provide better 
spectral separability between burnt and unburnt classes than NDVI (Section 
5.2.3.4). 
Viewing Geometry 
During the 29 day period, the solar zenith angle ranged from a minimum of 19.7
o 
(November 18) to a maximum 42.8
o (November 9) (Appendix 11).  The satellite zenith 
angle ranged from near nadir 0.3
o (November 22) to extreme off nadir 68.4
o (November 
18) (Appendix 11). 
5.2.3.1 Temporal Change in Temperature  
The brightness temperatures for channels 4 and 5 tended to increase during the fire period 














































































































































































































Figure 57.  Mean daily variations in channel 4 brightness temperatures. 













































































































































































































Figure 58.   Mean daily variations in channel 5 brightness temperatures. 
Pre-fire vs Post-fire 
Statistical 
The mean post-fire temperatures for both channel 4 and 5 were greater than the pre-fire 
temperatures.  Channel 4 temperatures increased from 40.8
o to 46.8
oC, while channel 5 
temperatures increased from 37.2
o to 42.4
oC (Figure 59). 







































Figure 59.  Mean pre-fire (□) vs post-fire (■) brightness temperatures for channels 4 
and 5. 
5.2.3.2 Temporal Change in Reflectance  
Uncorrected Data (TOA Reflectance) 
The raw reflectance for channel 1 varied from 6.79-13.69 percent, while channel 2 ranged 
between 7.82-15.99 percent.  During the fire period from November 13-23, channel 1, 2 
and 3A reflectances firstly decreased before increasing (Figures 60, 61 & 62).  Moreover, 
when looking at the whole time period there was variation in pre-fire reflectances.   
Reflectances in channel 3A were much higher than those for channels 1 and 2. 





























































































































































































Figure 60.  Mean daily variations – Channel 1 reflectance (TOA) for burnt, unburnt 






























































































































































































Figure 61.  Mean daily variations – Channel 2 reflectance (TOA) for burnt, unburnt 
and mixed pixel areas. 































































































































































































Figure 62.  Mean daily variations – Channel 3A reflectance (TOA) for burnt, 
unburnt and mixed pixel areas. 
BRDF Corrected Data (Surface Reflectance)  
BRDF corrections of channels 1 and 2 resulted in new ranges of 8.41-11.78 and 10.30-
15.66 percent respectively (Figure 63).  A reduction in reflectance for both channels was 
evident when a comparison was made between pre-fire and post-fire days.  On near nadir 
days (i.e. November 22) reflectance values remained relatively unchanged.  The mean 
NADIR reflectance values calculated for channel 1 and 2 were 10.54 and 14.89 percent 
respectively. 




























































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
 
Figure 63.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2. 
The satellite zenith angle varied little during each day, however over the 29 day period there 
was much more variation (Figure 64).  A minimum of 0.3
o (nadir - November 22) and a 
maximum of 68.4
o (off nadir – November 18) were achieved.  Two cycles, a nine and 16-
day are evident within the data. 































































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Satellite Zenith
 
Figure 64.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2, with the satellite zenith cycle. 
The solar zenith angle remained fairly constant within a low (19.7
o) to medium (42.8
o) 
range (Figure 65). 





























































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Solar Zenith
 
Figure 65.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2, with the solar zenith cycle. 
Pre-fire vs Post-fire 
Statistical 
The pre-fire reflectance values for both channels (visible and NIR) were greater than the 
post-fire values (Figure 66a).  Moreover the pre-fire BRDF corrected nadir reflectance 
values were larger than the pre-fire atmospherically corrected reflectance values (Figure 
66b). 

























































Figure 66.  Pre-fire (□) vs post-fire (■) corrected reflectance: a) atmospheric and b) 
BRDF for the visible and NIR channels. 
BRDF correction enabled greater separation between pre-fire and post-fire values for both 






























































Figure 67.  a) Raw (i.e. TOA) reflectance b) BRDF corrected reflectance. 
A measure of separability (M – Spectral Discrimination Index) was calculated for both 
channels.  This measure also indicated that there was better separation between the two 
groups after BRDF correction (Table 19). 
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Table 19.  Pre-fire vs post-fire separability for the visible and NIR channels (raw, 
atmospheric and BRDF corrected). 
 Visible  NIR 
Raw (TOA)  0.52  0.98 
Atmospheric 0.53  1.01 
BRDF (Surface)  0.82  2.43 
 
Deterministic 
The BRDF parameters were investigated and it was generally found that f1 and f3 
decreased, while f2 increased for each individual pixel i.e. one to nine, as well as the mean 
(Appendix 12).  There were however a few exceptions.  The model parameters f1 
(isotropic), f2 (volumetric) and f3 (geometric-optical) give respective strength of each type 
of scattering in the scene viewed.  Analysis of the above parameters allowed two rules to be 
devised.  These included: 
1)  If a pixel is burnt, nadir surface reflectance decreases for both the visible and near-
infrared channels. 
2)  If a pixel is burnt, the parameters f1 and f3 will decrease, while f2 will increase. 5.2.3.3 Temporal change in NDVI  
Uncorrected Data 
The NDVI varied between 0.04 (fire day) to 0.18 (non-fire day).  During the fire period 





















































































































































































Figure 68.  Mean daily variations in NDVI for the Pilbara site. 
BRDF Corrected Data 
The NDVI varied from 0.08 to 0.21 after a BRDF nadir correction was applied (Figure 69).  
On extreme off-nadir days (i.e. November 9 & 18) the NDVI increased, while on near 
nadir days (i.e. October 26 & November 5) it remained relatively unchanged. 


















































































































































































Figure 69.  Temporal profile of raw and BRDF corrected NDVI for the Pilbara site.  
Pre-fire vs Post-fire 
A measure of separability (M) was calculated for NDVI.  This measure indicated that there 
was better separation (i.e. > 1) between the two groups after BRDF correction (Table 20).  
Table 20.  Pre-fire vs post-fire NDVI (raw, atmospheric and BRDF corrected) 
separability.  
  Spectral Discrimination Index (M) 
Raw   0.87 
Atmospheric 0.82 
BRDF   1.14 
 
 -  126  - 5.2.3.4 Temporal change in alternative vegetation indices 
The vegetation indices GEMI, GEMI3 and VI3 varied over the course of the study period 





































































































































































































Figure 70.  Temporal profile of GEMI, GEMI3 and VI3. 
Pre-fire vs Post-fire 
Statistical 
The mean pre-fire values for all indices were higher than the post-fire values (Figure 71). 



































Figure 71.  Pre-fire (□) vs post-fire (■) GEMI, GEMI3 and VI3. 
The Spectral Discrimination Index (M) was calculated for both GEMI and VI3, and 
compared to NDVI.  This measure indicated that GEMI was superior, followed by VI3, 
BRDF corrected NDVI, NDVI, atmospheric corrected NDVI and then GEMI3 (Tables 
20 & 21). 
Table 21.  Pre-fire vs post-fire separability for GEMI, GEMI3 and VI3. 
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5.2.4 DISCUSSION 
This case study is representative of a typical fire response where temperatures increase, and 
reflectances and NDVI decrease.  The post-fire temperatures for both channels 4 and 5 
were greater than pre-fire temperatures.  Channel 3A reflectances were found to be higher 
than channels 1 and 2.  This channel also has the advantage of being less susceptible to 
smoke and haze (Langaas 1998). 
It is interesting to note that although the site is characterised by brightly coloured soils (i.e. 
red and white), and hummock vegetation, no signature reversal was evident.  This could be 
due to the fact that the fire intensity was low or that no significant rain (> 5mm) or wind 
(30 km/h) had occurred during the study period. 
Uncorrected Data 
Overall, the raw results agree with the literature.  It is worth noting though that there was 
considerable variation in daily values across the nine-day repeat cycle. 
Flasse (1998) observed that a fire will cause a decrease in surface reflectance due to a 
‘darkened’ surface and a corresponding increase in daytime temperature due to less 
evapotranspiration and more absorption. 
The vegetation indices GEMI and VI3 performed better than NDVI at separating burnt 
and unburnt classes.  This was most likely due to the fact that they reduce atmospheric 
effects.  In addition GEMI has a nonlinear response to red and NIR reflectance values; and 
burned areas display high reflectance (channel 3) resulting in negative values for VI3 
(Kaufman & Remer 1994; Pereira 1999).  -  130  - 
Corrected Data 
Atmospheric and BRDF corrections resulted in reduced variation and greater separability 
between pre- and post-fire reflectances.  The incorporation of Paltridge and Mitchell’s 
(1990) equation allowed correction for atmospheric absorption and scattering of a standard 
atmosphere.  BRDF correction enabled raw (TOA) reflectances to be converted to nadir 
surface reflectances.  On near nadir days reflectances remained relatively unchanged. 
It was found that the nadir surface reflectance decreased for both the visible and NIR 
channels and this was consistent with case study 1 (Great Sandy Desert).  Consequently the 
BRDF parameters behaved in the same way - f1 and f3 decreased, while f2 increased.  The 
two rules indicated for case study 1 were also applicable: 
1)  If a pixel is burnt, nadir surface reflectance decreases for both the visible and near-
infrared channels. 
2)  If a pixel is burnt, the parameters f1 and f3 will decrease, while f2 will increase. 
The parameters f1, f2 and f3 represent three different coefficients - isotropic scattering (f1), 
volume scattering (f2) and surface scattering (f3) (Hu et al. 2000).  The parameter f1 is 
dependent upon the optical properties of the leaves, the canopy LAI (Leaf Area Index) and 
the underlying soil reflectance.  F2 is affected by the leaf reflectance, canopy LAI and soil 
reflectance; while f3 is dependent upon canopy reflectance, canopy coverage (percent) and 
its 3D structure (Hu et al. 2000).  It is interesting to note that both case studies 1 and 2 had 
similar vegetation and soil.  The vegetation was reclassified as hummock grasslands and the 
soils were brightly coloured (i.e. red and/or white).  This similarity can therefore explain 
the consistent fire responses and hence behaviour of the three parameters - f1, f2 and f3.  -  131  - 
A reduction in NDVI was found for post-fire days, and this finding is consistent with the 
literature.  For instance, Barbosa et al. (1998) and Sousa et al. (2003) found that the burning 
of vegetation decreases the NDVI signal.  The adoption of both an atmospheric and 
BRDF correction resulted in better separability, thus proving that NDVI as a fire scar 
discriminator can be enhanced by taking into account the variation in viewing and 
illumination geometries.  Wu et al. (1995) point out that NDVI is less influenced by viewing 
geometry than channels 1 and 2, however several authors such as Pereira (1999) suggest 
that correction or adoption of other indices (e.g. GEMI) can provide better discrimination 
of burned areas.  In this case, GEMI was found to be better than the NDVI. 
As a result it was evident that the first hypothesis, that bushfires will cause an increase in 
daytime temperature, was supported.  The second hypothesis, that variations in surface 
reflectance due to varying sun and view angles plus atmospheric effects are greater than 
those due to bushfires, was also supported.  The spectral separability for both the visible 
and near-infrared channels was improved after both an atmospheric and BRDF correction.  
The third hypothesis, that NDVI from uncorrected reflectance as an empirical method of 
correction is improved where the reflectances are also corrected using mechanistic models, 
was also supported.  It is worth reiterating that the necessity to correct NDVI is dependent 
upon the BRDF’s of the visible and near-infrared channels.  In relation to the fourth 
hypothesis, that alternative vegetation indices such as VI3, GEMI and GEMI3 provide 
better spectral separability between burnt and unburnt classes than NDVI, this was found 
to be the case for both GEMI and VI3.  This finding was consistent with Pereira (1999) for 
GEMI and VI3.  GEMI3 however was an exception, as overall it performed the worst. 
In conclusion, findings in this case study of the Pilbara were the same as case study 1 of the 
Great Sandy Desert, and hence the BRDF parameters behaved in the same way.  Both case  -  132  - 
areas are characterised by hummock grasslands and brightly coloured soils.  No significant 
weather occurred during the study period, and hence angular and fire effects caused the 
variation in recorded reflectances and NDVI.  It was also evident that atmospheric and 
BRDF corrections are required for the visible and near-infrared channels, and in this case 
NDVI was improved.  Alternative vegetation indices such as GEMI and VI3 proved to 
better at separating burnt and unburnt classes than NDVI. 
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6  CASE STUDY 3 
This chapter is presented in two sections.  The first section provides a description of the 
study area and analysis of the ancillary datasets, while the second covers the raw satellite 
data (i.e. TOA reflectance and vegetation indices - NDVI, GEMI, GEMI3 and VI3), 
together with atmospherically and BRDF corrected reflectances (i.e. Surface reflectance) 
and NDVI. 
6.1  STUDY AREA DESCRIPTION & ANCILLARY DATA 
ANALYSIS 
6.1.1 INTRODUCTION 
The Central Ranges cover an area along the eastern State boundary from a latitude of 27
o S 
(Blyth Range) to 24
 o S (Lake Macdonald), and extend westward up to 260 km (Warburton 
Range).  The region consists of a low plateau (480 m above sea level) from which rise 
several small mountains and ranges (Figure 72).  The Central Ranges contain a large 
proportion of Proterozoic rocks including volcanics and quartzites, which are intermingled 
with red Quaternary sandplains.  These sandplains sustain low open woodlands of Mulga 
or Desert Oak (C. decaisneana) over hummock grasslands (Triodia basedowii).  Along range 
edges low open woodlands of Corkwoods (Hakea spp.) and Ironwood (Acacia estrophiolata) 
over hummock, and tussock grasses are common.  The ranges sustain Callistris glaucophylla 
woodlands or mixed wattle scrub over hummock and tussock grasslands (Beard 1990; 
Environment Australia 2000).   This region is characterised as arid with summer and winter rain; and annually receives 200 
mm rainfall.  Moreover very heavy annual rainfalls have been recorded at the 
meteorological stations of Warburton Range (i.e. 680 mm) and Giles (i.e. 843.4 mm) (Beard 
1990; Environment Australia 2000). 
 
Figure 72.  The Central Ranges biogeographic region is characterised by a plateau 
and small mountain ranges (Environment Australia 2001). 
6.1.2 LOCATION 
The study site was located at approximately 23.83
o S and 128.92
o E between Lake 
MacDonald and Lake Hopkins (see Figure 1 Chapter 1). 
6.1.3 CLIMATE 
Station Data 
The nearest recording station was Giles (~147.94 km) located at 25.04
o S and 128.29
o E.  
This station received rainfall totalling 843.4 mm for the year, with a maximum of 327.4 mm 
 -  134  - in December -“wettest month ever” (Bureau of Meteorology 2002), and a minimum of 0 
























Figure 73.  Monthly rainfall recorded for the year 2001 at Giles station. 
Interpolation maps illustrated that seven of the 29 days had extremely low relative humidity 
(i.e. < 20%), two days had significant rain (i.e.> 5mm), and that 13 days were cloudy (i.e. 
oktas > 4) (Appendix 8). 
6.1.4  TOPOGRAPHY AND SOILS 
Red earthy sands (plains) and shallow rocky loams (ranges) are characteristic of this region 
(Beard 1990).  
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6.1.5 VEGETATION 
The study area lies within the Giles Botanical District and is characterised by Acacia scrub 
on quartzitic ranges, and mulga on volcanics and heavier plain soils.  Tree and shrub 
steppe, together with desert oak in depressions are also found (Beard 1990).  Within the 
study transect two vegetation associations were found - 39 and 136 (Table 22). 
Table 22.  Description of the vegetation associations found within the study 
transect (Hopkins et al. 2001). 
Code Description 
39  Shrublands; mulga scrub 
 
136  Hummock grasslands, shrub steppe; mixed shrubs over spinifex between sandhills 
 
 
The vegetation was reclassified into two classes of vegetation type - Hummock (83.30%) 
and Shrublands (16.70%). 
6.1.6 LAND  USE 
The major tenure type within the Central Ranges for 1999 was ‘Indigenous land’ (95.95%) 




State owned crown land with no assigned use
Non-Indigenous pastoral lease 
Indigenous pastoral lease 
Indigenous land 
 
Figure 74.  The area of tenure types (%) within the Central Ranges. 
Mackay Basin 
The major land uses within this basin for 1996/97 include ‘Other protected areas including 
indigenous uses’ (62.24%), ‘Livestock grazing’ (20.48%) and ‘Minimal use’ (14.69%) (Figure 







Other protected areas including indigenous uses
Minimal use
Livestock grazing
Waterbodies not elsewhere classified
 
Figure 75.  The area of land uses (%) within the Mackay Basin for 1996/97. 
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6.2 SATELLITE  DATA  ANALYSIS – RAW, ATMOSPHERIC & 
BRDF CORRECTED 
6.2.1 INTRODUCTION 
This section is presented in a similar style to case study 1, however only three of the four 
hypotheses were tested.  The background information on atmospheric and BRDF 
corrections can also be found in Chapter 4. 
6.2.2 METHODS 
The methods utilised for this case study were the same as in case study 1, however only one 
set of nine pixels and 12 of 29 passes were analysed (see Section 4.2.2 Chapter 4 for 
details). 
6.2.3 RESULTS 
The following hypotheses were tested in this study: 
1)  Changes in surface reflectance during an orbital repeat cycle due to varying sun and 
view angles plus atmospheric effects, are greater than those caused by bush fires 
(Section 6.2.3.1). 
2)  Change due to bush fires in the NDVI from uncorrected reflectance as an empirical 
method of correction is improved where the reflectances are also corrected using 
mechanistic models (Section 6.2.3.2).  -  139  - 
3)  Alternative vegetation indices, such as VI3, GEMI and GEMI3, provide better 




During the 29 day period, the solar zenith angle ranged from a minimum of 26.9
o 
(November 18) to a maximum 47.3
o (November 19) (Appendix 11).  The satellite zenith 
angle ranged from near nadir 4.1
o (November 6) to extreme off nadir 68.5
o (November 19) 
(Appendix 11). 
6.2.3.1 Temporal Change in Reflectance  
Uncorrected Data (TOA Reflectance) 
The reflectances for channel 1 and 2 varied from 8.58-14.69 and 13.09-17.50 percent 
respectively.  During the fire period from November 5 to 23, channel 1 and 3A reflectances 
increased, while channel 2 decreased (Figures 76, 77 & 78).  Moreover, when looking at the 
whole time period there was variation in reflectances.  Channel 3A had higher reflectances 





























































































































































































Figure 76.  Mean daily variations - Channel 1 reflectance (TOA) for burnt, mixed 






























































































































































































Figure 77.  Mean daily variations – Channel 2 reflectance (TOA) for burnt, mixed 
and unburnt areas. 
































































































































































































Figure 78.  Mean daily variations – Channel 3A reflectance (TOA) for burnt, mixed 
and unburnt areas. 
BRDF Corrected Data (Surface Reflectance)  
BRDF correction of channels 1 and 2 resulted in increased surface reflectance for 
November 5 -23, however November 19 and 21 were exceptions as reflectance in channel 
1 decreased (Figure 79).  The mean NADIR reflectance values calculated for channel 1 and 
2 were 11.46 and 15.28 percent respectively for post-fire days. 




























































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
 
Figure 79.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2. 
The satellite zenith angle varied little during each day, however over the 29 day period there 
was considerable variation (Figure 80).  A minimum of 4.1
o (nadir - November 6) and a 
maximum of 68.5
o (off nadir - November 19) were achieved. 































































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Satellite Zenith
 
Figure 80.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2, with the satellite zenith cycle. 
The solar zenith angle varied from a low of 26.9
o to a high of 47.3
o (Figure 81).   
Furthermore, it was not possible to plot all angles for each day as data were missing, 
primarily as a result of cloud cover. 































































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Solar Zenith
 
Figure 81.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2, with the solar zenith cycle. 
Pre-fire vs Post-fire 
Reflectances were found to increase for channel 1 and decrease for channel 2 from pre-fire 
to post-fire days (Figure 81a).  Moreover, the post-fire BRDF corrected nadir reflectance 
values were larger than the post-fire atmospherically corrected reflectance values (Figure 
81b). 




























































Figure 82.  Pre-fire (□) vs post-fire (■) corrected reflectances: a) atmospheric and b) 
BRDF for the visible and NIR channels. 
A measure of separability (M - Spectral Discrimination Index) was calculated for both 
channels.  This measure indicated that there was little change after an atmospheric 
correction for both the visible and NIR channels (Table 23).  BRDF correction was not 
performed due to the lack of pre-fire days. 
Table 23.  Pre-fire vs post-fire separability for the visible and NIR channels (raw 
and atmospheric corrected). 
 Visible  NIR 
Raw (TOA)  -0.75  0.22 
Atmospheric -0.77  0.20 
BRDF (Surface)  -  - 
 
 -  145  - 6.2.3.2 Temporal change in NDVI  
Uncorrected Data 
The NDVI varied between 0.07 (fire day) to 0.24 (non-fire day).  During the fire period 






















































































































































































Figure 83.  Mean daily variations in raw NDVI for the Central Ranges site. 
BRDF Corrected Data 
The NDVI varied from day to day from 0.12 to 0.17 after a BRDF correction was applied 
to post-fire days (Figure 84). 



















































































































































































Figure 84.  Temporal profile of raw and BRDF corrected NDVI for the Central 
Ranges site. 
Pre-fire vs Post-fire 
A measure of separability (M) was calculated for NDVI.  This measure indicated that there 
was very good separation between the two groups both before and after atmospheric 
correction (Table 24).  
Table 24.  NDVI pre-fire vs post-fire separability (raw and atmospheric corrected). 
  Spectral Discrimination Index (M) 
Raw   3.68 
Atmospheric 3.68 
BRDF   - 
 -  147  - 6.2.3.4 Temporal change in alternative vegetation indices 
The vegetation indices GEMI, GEMI3 and VI3 varied over the course of the study period 





































































































































































































Figure 85.  Temporal profile of GEMI, GEMI3 and VI3. 
Pre-fire vs Post-fire 
Statistical 
The mean pre-fire values for all indices were higher than the post-fire values (Figure 86). 



































Figure 86.  Pre-fire (□) vs post-fire (■) GEMI, GEMI3 and VI3. 
The Spectral Discrimination Index (M) was calculated for GEMI, GEMI3 and VI3, and 
compared to NDVI.  This measure indicated that in this case NDVI and atmospheric 
corrected NDVI were the most satisfactory, followed by GEMI3, VI3 and then GEMI 
(Tables 24 & 25). 
Table 25.  Pre-fire vs post-fire separability for GEMI, GEMI3 and VI3. 
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6.2.4 DISCUSSION 
In this case study an atypical fire signature response was found, in which channel 1 and 3A 
reflectances increased, while channel 2 reflectance and vegetation indices (NDVI, GEMI, 
GEMI3 and VI3) decreased. 
This site is located in the ‘signature reversal zone.’  This zone is irregularly shaped 
extending between 19-24
oS and 112-129
oE.  It has been well documented that within this 
zone spectral properties of FAA behave differently and can display an increase in 
reflectance.  It is common for spinifex areas of Australian rangelands on highly reflective 
bright coloured soils to exhibit this trend (Craig et al. 1995; Smith et al. 1999).  In this 
instance the vegetation was found to be predominantly hummock over brightly coloured 
soils. 
The spectral characteristics of FAA can vary depending upon the intensity of the fire.  
White ash is produced by complete combustion of vegetation in the presence of unlimited 
oxygen supply and results from high fire intensity.  Black ash (charcoal) on the other hand 
is produced by incomplete combustion under restricted oxygen conditions, resulting from a 
less intense fire (Pereira et al. 1999).  Early dry season fires tend to be very low in intensity, 
while late season fires are more intense.  In this instance the fire occurred during the late 
dry season. 
Climate can influence fire signatures too, as both rain and wind are capable of dispersing 
charcoal and ash.  Rain can also cause fast vegetation regrowth, thereby altering the fire 
signature.  In the wetter tropical savannas to the north, reflectance is usually decreased and 
thus FAA appear dark (Craig et al. 1995; Smith et al. 1999).  Significant rainfall (>5 mm) was 
recorded for November 9 and 13, but there was no corresponding data for these days.   -  151  - 
There was however, a decrease in recorded reflectance for later days (between November 8 
and 17). Clouds can also obscure active fires and contaminate readings.  In this case 17 out 
of 29 satellite passes were cloud affected.  Other significant findings included days of low 
relative humidity (< 20%) (i.e. October 26-30; and November 20-21).  Low relative 
humidity combined with strong winds, high solar radiation, little rainfall and high 
temperatures can lead to high fire danger. 
Uncorrected Data 
The post-fire raw (TOA) reflectances increased for channel 1 and 3A and decreased for 
channel 2.  The post-fire vegetation indices (NDVI, GEMI, GEMI3 and VI3) decreased as 
well.  These findings suggest that a moderate to high intensity fire may have occurred, or 
the contribution of a bright soil background. 
Numerous authors such as Pereira (1999) have found that the visible channel (i.e. 1) is not 
effective for differentiating burns, as several land cover types (e.g. wetlands, water bodies, 
soils, and dense forest) are fairly dark; the dynamic range is too narrow for differentiating 
between these surfaces; and path radiance predominates resulting in a loss of contrast 
between differing land cover types.  The NIR channel (i.e. 2) has been widely used and is 
considered the best for FAA detection and mapping.  Green vegetation is usually highly 
reflective and burning tends to cause a decrease in reflectance. A few exceptions have been 
recorded for older fire scars, and most likely result from bright background soils.  It is 
worth noting that both green and dry vegetation have higher reflectances than recently 
burnt surfaces, and thus darkening in NIR is logical.  In addition moderately intense fires 
may only scorch the tree crowns, and thus an increase in visible and a decrease in NIR 
reflectance can be observed.  The MIR (channel 3) tends to have a similar response to the 
visible channel (i.e. increase in reflectance) but is higher over burnt surfaces (Pereira et al.  -  152  - 
1999).  The reflective component of channel 3 was utilised prior to the launch of NOAA-
15, however in this study channel 3A (shortwave infrared - SWIR) was available.   
Moreover, little research has been published to date on channel 3A for NOAA-16.  The 
SWIR for SPOT VEGETATION however, has been utilised for mapping burnt areas and 
results have been published by Fraser et al. (2000) and Stroppiana et al. (2003).  They found 
that this channel is less sensitive to smoke contamination, rarely saturated by fire and 
sensitive to “vegetation water content” (p.2138) (Stroppiana et al. 2003a). 
Corrected Data 
Atmospherically corrected reflectances and NDVI exhibited the same trends as the raw 
(TOA) reflectances and NDVI.  Channel 1 reflectance increased, while channel 2 
reflectance and NDVI decreased from pre- to post-fire.  The pre-fire versus post-fire 
BRDF trends were unable to be analysed due to only three days worth of pre-fire data 
being available.  According to Grant (2001) and Strahler et al. (1999) at least four to seven 
days are required to obtain an adequate fit.  A comparison between post-fire atmospheric 
and BRDF corrected reflectance and NDVI was able to be performed.  After BRDF 
correction, NDVI values were higher for each day and on near nadir days channel 1 
reflectance changed little.  This suggests that the application of BRDF correction worked 
well for channel 1.  Channel 2 correction did not appear to work as well and this could be 
due to the fact that it was more influenced by an incorrect atmosphere correction (Maier, 
personal communication, February 3, 2003). 
The first hypothesis, that variations in surface reflectance due to varying sun and view 
angles plus atmospheric effects are greater than those due to bushfires, appeared to be 
supported.  Secondly, the hypothesis that NDVI from uncorrected reflectance as an 
empirical method of correction is improved where the reflectances are also corrected using  -  153  - 
mechanistic models, seemed to be supported too.  Thirdly, the hypothesis that alternative 
vegetation indices such as VI3, GEMI and GEMI3 provide better spectral separability 
between burnt and unburnt classes than NDVI, was not supported.  In fact, NDVI and 
atmospheric corrected NDVI had higher separability values, followed by GEMI3, VI3 and 
then GEMI.  It is recommended however, that more pre-fire data be obtained and analysed 
in order to verify these findings more fully. 
In conclusion, this case study of the Central Ranges exhibited a different response to case 
study 1 of the Great Sandy Desert and 2 of the Pilbara.  This site was characterised by 
shrublands over hummock grasslands and brightly coloured soils.  Some significant rain 
was recorded during the study period which may have affected the spectral signature over 
time.  The timing of fire during the late dry suggests a moderate to high intensity, however 
it is more than likely that angular and fire effects resulted in variation in daily reflectance 
and NDVI.  In addition NDVI outperformed the alternative vegetation indices - GEMI, 
GEMI3, and VI3. 
  -  154  - 
7  CASE STUDY 4 
This chapter is presented in two sections.  The first section provides a description of the 
study area and analysis of the ancillary datasets, while the second covers the raw satellite 
data (i.e. TOA reflectance and vegetation indices - NDVI, GEMI, GEMI3 and VI3), 
together with atmospherically and BRDF corrected reflectances (i.e. surface reflectance) 
and NDVI. 
7.1  STUDY AREA DESCRIPTION & ANCILLARY DATA 
ANALYSIS 
7.1.1 INTRODUCTION 
Dampierland is located within the Northern Province which comprises approximately 12% 
of the state (Figure 87).  It is comprised of four geological components, Quaternary 
sandplain, Quaternary marine deposits on coastal plains, Quaternary alluvial river plains 
and Devonian reef limestones.  The Quaternary sandplain overlies Jurassic and Mesozoic 
sandstones with Pindan, while hummock grasslands are associated with the hills.  Pindan is 
unique to the area comprising 64%, and occurs on all the sandy plains.  It is defined as 
“grassland wooded by a sparse upper layer of trees from 5 to 15 m in height, a dense 
thicket-forming middle layer of Acacia and an open ground layer of curly spinifex; 
hummock grassland with scattered trees on uplands (Beard 1990, pp.267-268)”.  The 
coastal plains are characterised by mangroves, samphire communities, short-grass plains 
(i.e. Sporobolus), low forests of Melaleuca acacioides and spinifex.  The alluvial plains however 
are associated with Permian and Mesozoic sediments of the Fitzroy Trough which support 
tree savannas of scattered Eucalyptus microtheca - Lysiphyllum cunninghamii and Crysopogon - Dicanthium grasses.  Along drainages riparian forests of River Gum and Cadjuput are found.  
The Devonian reef limestones located in the north and east sustain meagre tree steppe over 
hummock grasses (Triodia intermedia and wiseana) and vine thicket elements (Beard 1990; 
Environment Australia 2000).  
The climate in this region is described as semi-arid to dry hot topical with summer rainfall.  
The amount of annual rainfall varies between 250-800 mm (Beard 1990; Environment 
Australia 2000).  The study site is located between the 400-600 mm rainfall isohyets as 
defined by Craig (1999). 
 
Figure 87.  An illustration of sparse vegetation found within Dampierland 
biogeographic region (Environment Australia 2000). 
7.1.2 LOCATION 
The study site was located within the Dampierland biogeographic region at approximately 
19.51
o S and 121.83
o E (see Figure 1 Chapter 1). 
 -  155  - 7.1.3 CLIMATE 
Station Data 
The nearest recording station was Bidyadanga (~92.57 km) located at 18.09
o S and 121.77
o 
E.  This station received 677.8 mm of rain for the whole year, with a maximum of 285.4 























Figure 88.  Monthly rainfall recorded for the year 2001 at Bidyadanga station. 
Interpolation maps revealed that no significant rain (< 5mm) or strong winds (> 30 km/h) 
were recorded during the study period from October 26 to November 23.  Low relative 
humidity (i.e. <20%) however was recorded for October 26, and high cloud was only 
recorded for November 1 and 2 (Appendix 8). 
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7.1.4 TOPOGRAPHY  AND  SOILS 
The Dampierland region is characterised by grey and brown cracking clays (riverine plains), 
red earthy sands (sandplains) and shallow stony soils (uplands) (Beard 1990).  Within the 
study transect red earthy sands were found (i.e. B28) (Table 26). 
Table 26.  Descriptions of the soil units found within the study transect as given by 
the Atlas of Australian Soils (Northcote et al. 1968). 
Code Map  Unit  Description 
B28 
 
Sand soils of minimal 
development (Uc1)  Siliceous 
sands (Uc1.2) 
 
Dune fields-largely stable linear dune fields with 
swales opening locally into sand plains.  Dune 
lineation is generally E-W but in the area west of 
123
oE longitude the trend is NW-SE; some pans 
and depressions; some isolated residual sandstone 
hills: chief soils are red siliceous sands (Uc1.23) of 
the dune crests and flanks.  Red earthy sands 
(Uc2.51) and possibly red earths (Gn2.12) 
sometimes containing ironstone gravel are 
associated in swales and sand plains.  Other soils 
include (Gn2.21) and/or (Gn2.61), sometimes 
containing ironstone gravels, in low sites; (Dy1.33) 
and (Dy1.43) and possibly similar (Dr1) soils in 




The study area lies within the Dampier Botanical District and is characterised by tree 
savanna and pindan on sandplains (Beard 1990).  Within the study transect only one 
vegetation association was found (i.e. 32) (Table 27). 
 Table 27.  Description of the vegetation association found within the study transect 
(Hopkins et al. 2001). 
Code Description 
32  Shrublands, pindan; acacia shrubland with scattered low trees over Plectrachne sp. 
& Triodia spp. 
 
 
7.1.6 LAND  USE 
The major tenure type within Dampierland for 1999 was ‘Non indigenous pastoral lease’ 
(67.07%).  The next major type was ‘State owned crown land with no assigned use’ 









State owned crown land with assigned uses
(transport, stock routes)
State owned crown land with no assigned use
Defence reserve
Non-Indigenous pastoral lease 
Indigenous pastoral lease 
Indigenous land 
National Parks (proclaimed and gazetted
Conservation lands (not gazetted)
 
Figure 89.  The area of tenure types (%) within the Dampierland biogeographic 
region. 
 -  158  - Sandy Desert Basin 
The major land use for 1996/97 was ‘Minimal use’ (86.70%), while the secondary use was 












Waterbodies not elsewhere classified
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7.2 SATELLITE  DATA  ANALYSIS – RAW, ATMOSPHERIC & 
BRDF CORRECTED 
7.2.1 INTRODUCTION 
This section is presented in a similar style to case study 1, however only three of the four 
hypotheses were tested.  The background information on atmospheric and BRDF 
corrections can also be found in Chapter 4. 
7.2.2 METHODS 
The methods utilised for this case study were the same as case study 1, however only one 
set of nine pixels and 21 of 29 passes were analysed (see Section 4.2.2 Chapter 4 for 
details). 
7.2.3 RESULTS 
The following hypotheses were tested in this study: 
1)  Changes in surface reflectance during an orbital repeat cycle due to varying sun and 
view angles plus atmospheric effects, are greater than those caused by bush fires 
(Section 7.2.3.1). 
2)  Change due to bush fires in the NDVI from uncorrected reflectance as an empirical 
method of correction is improved where the reflectances are also corrected using 
mechanistic models (Section 7.2.3.2).  -  161  - 
3)  Alternative vegetation indices, such as VI3, GEMI and GEMI3, provide better 




During the 29 day period, the solar zenith angle ranged from a minimum of 20.5
o 
(November 18) to a maximum 43.8
o (November 9) (Appendix 11).  The satellite zenith 
angle ranged from near nadir 0.8
o (November 13) to extreme off nadir 65.9
o (November 
18) (Appendix 11). 
7.2.3.1 Temporal Change in Reflectance  
Uncorrected Data (TOA Reflectance) 
Reflectances for channels 1 and 2 ranged from 7.76 - 11.66 and 9.94 - 14.26 percent 
respectively. During the fire period from October 28 to November 23, channel 1 and 3A 
reflectances increased, while channel 2 decreased (Figures 91, 92 & 93).  There was 
however considerable variation in reflectance over the course of the whole time period.  





























































































































































































Figure 91.  Mean daily variations in Channel 1 reflectance (TOA) for burnt, mixed 






























































































































































































Figure 92.  Mean daily variations in Channel 2 reflectance (TOA) for burnt, mixed 
and unburnt areas. 
































































































































































































Figure 93.  Mean daily variations in Channel 3A reflectance (TOA). 
Atmospheric Corrected Data 
Atmospheric correction resulted in decreased reflectances for both channels 1 and 2 
(Figures 94 & 95). 































































































































































































































































































































































































Figure 95.  Mean daily variations in atmospherically corrected Channel 2 
reflectance. 
 -  164  - BRDF Corrected Data (Surface Reflectance)  
BRDF corrections of channels 1 and 2 resulted in increased surface reflectance for most 
days (Figure 96).  For channel 1 however there were some exceptions (i.e. October 31, 
November 9 & 23).  On these days reflectance values were relatively unchanged.  The 






























































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
 
Figure 96.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2. 
The satellite zenith angle varied little during each day, however over the 29 day period there 
was substantial variation (Figure 97).  A minimum of 0.8
o (nadir - November 13) and a 
maximum of 65.9
o (off nadir – November 18) were achieved.  Two cycles, a nine and 16-
day are evident within the data. 




























































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Satellite Zenith
 
Figure 97.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2, with the satellite zenith cycle. 
The solar zenith angle remained fairly constant within a low (20.5
o - November 18) to 
medium (43.8
o - November 9) range (Figure 98). 






























































































































































































































Ch1 - mean BRDF
Ch2 - mean BRDF
Solar Zenith
 
Figure 98.  Comparisons of atmospheric and BRDF corrected nadir reflectance for 
channel 1 and 2, with the solar zenith cycle. 
Pre-fire vs Post-fire 
Statistical 
The reflectance values increased for channel 1 (visible) and decreased for channel 2 (NIR) 
from pre-fire to post-fire days (Figure 99a).  Moreover the post-fire BRDF corrected nadir 
reflectance values were greater than the post-fire atmospherically corrected reflectance 
values (Figure 99b).  
























































Figure 99.  Pre-fire (□) vs post-fire (■) corrected reflectances: a) atmospheric and b) 
BRDF for the visible and NIR channels. 
The Spectral Discrimination Index (M) was calculated for both channels.  This measure 
indicated that there was little change after an atmospheric correction for both the visible 
and NIR channels (Table 28). 
Table 28.  Pre-fire vs post-fire separability for the visible and NIR channels (raw 
and atmospheric corrected). 
 Visible  NIR 
Raw (TOA)  -0.81  0.46 
Atmospheric -0.84  0.45 





 -  168  - 7.2.3.2 Temporal change in NDVI  
Uncorrected Data 
The NDVI varied between 0.03 (fire day) to 0.23 (non-fire day).  During the fire period 
(October 28 - November 23) NDVI was generally lower, although there was a rise between 





















































































































































































Figure 100.  Mean daily variations in NDVI. 
BRDF Corrected Data 
The post-fire NDVI varied from 0.07 to 0.19 after a BRDF nadir correction was applied 
(Figure 101).  On extreme off-nadir days (i.e. October 31 & November 9) the NDVI 
increased by a large amount (i.e. 0.06), while on near nadir days (i.e. November 13) it 
remained relatively unchanged (i.e. < 0.02). 


















































































































































































Figure 101.  Mean daily variations in raw and BRDF corrected NDVI. 
Pre-fire vs Post-fire 
The Spectral Discrimination Index (M) was calculated for NDVI.  This measure indicated 
that there was good separation between the two groups (i.e. pre- and post-fire) (Table 29).  
Table 29.  Pre-fire vs post-fire NDVI (raw and atmospheric corrected) separability. 
  Spectral Discrimination Index (M) 
Raw   0.99 
Atmospheric 0.99 
BRDF   - 
 
 -  170  - 7.2.3.3 Temporal change in alternative vegetation indices 
The vegetation indices GEMI, GEMI3 and VI3 again varied over the course of the study 





































































































































































































Figure 102.  Temporal profile of GEMI, GEMI3 and VI3. 
Pre-fire vs Post-fire 
Statistical 
The mean pre-fire values for all indices were higher than the post-fire values (Figure 103). 



































Figure 103.  Pre-fire (□) vs post-fire (■) GEMI, GEMI3 and VI3. 
The Spectral Discrimination Index (M) was calculated for both GEMI and VI3, and 
compared to NDVI.  This measure indicated that in this case VI3 performed the best, 
followed by GEMI3, NDVI and atmospheric corrected NDVI, and then GEMI (Tables 29 
& 30). 
Table 30.  Pre-fire vs post-fire separability for GEMI, GEMI3 and VI3. 
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7.2.4 DISCUSSION 
This case study also exhibited an atypical fire response with channel 1 and 3A reflectances 
increasing, while channel 2 and vegetation indices (NDVI, GEMI, GEMI3 and VI3) 
decreased.  These findings were consistent with case study 3 of the Central Ranges. 
This site is also located in the ‘signature reversal zone’, extending between 19-24
oS and 
112-129
oE, within which it has been documented that spectral properties of FAA behave 
differently and may display an increase in reflectance.  It is not unusual for spinifex areas of 
Australian rangelands on brightly coloured soils to display this trend (Craig et al. 1995; 
Smith et al. 1999).  In this case the vegetation was found to be Pindan shrublands over 
hummock grassland on bright red soils. 
Fire intensity can alter the spectral signature of FAA.  If an intense fire occurs, white ash is 
commonly produced and this is highly reflective.  On the other hand, a cooler and less 
intense fire usually results in charcoal production which displays a decrease in reflectance.  
Early dry season fires tend to be very low in intensity, while late season fires are more 
intense.  In this case burning occurred during the late dry season.  In addition, moderately 
intense fires may only scorch the tree crowns and thus an increase in visible and a decrease 
in NIR reflectance can be observed (Pereira et al. 1999). 
The spectral response of a burnt surface is additionally influenced by climatic factors such 
as wind and rain.  Wind has the potential to disperse ash and charcoal leaving the 
background soil exposed and hence altering the spectral signature with time.  In this case 
however, no significant winds (> 30 km/h) or rainfall (> 5mm) were recorded.  With 
regard to high fire danger conditions, low relative humidity (< 20%) was recorded for  -  174  - 
October 26, negligible rainfall was recorded for all days (i.e. October 26 to November 23) 
and solar radiation was high for all days except November 1 and 2.  
Uncorrected Data 
The post-fire raw (TOA) reflectances increased for channel 1 and 3A, while channel 2 
reflectance decreased.  The post-fire vegetation indices (NDVI, GEMI, GEMI3 and VI3) 
also decreased.  These findings suggest that a moderate to high intensity fire may have 
occurred, or the contribution of a bright soil background.  A number of trends were 
evident, however daily raw reflectance values were difficult to analyse due to the changes in 
viewing and illumination geometry.  It is therefore necessary to correct channels 1, 2 and 
3A for the atmosphere and BRDF to enable trends to be analysed more easily.  The 
implementation of alternative vegetation indices highlighted the fact that VI3 was the best 
discriminator followed by GEMI3, NDVI and atmospheric corrected NDVI, and then 
GEMI in this case.   
The spectral response of channel 3A (1.6 µm) varies depending upon the pre-fire status of 
the vegetation (Pereira, personal communication, November 22, 2003).  Langaas (1998) 
suggests that as the vegetation dries out the reflectance increases.  This channel is also less 
influenced by smoke and haze, and is sensitive to “vegetation water content” (p.2138) 
(Langaas 1998; Stroppiana et al. 2003a). 
Corrected Data 
Atmospheric corrected reflectances for channels 1 and 2 exhibited the same trend as above 
(i.e. increased and decreased respectively).  Atmospheric corrected NDVI displayed the 
same trend (i.e. decreased) too.    -  175  - 
Unfortunately the pre-fire versus post-fire BRDF trends were not able to be analysed due 
to a limited amount of pre-fire days being available (i.e. only two).  However a comparison 
between post-fire atmospheric and BRDF data was possible.  BRDF correction resulted in 
large changes for reflectances and NDVI on off-nadir days, suggesting that it is taking into 
account the variation in viewing and illumination geometry from day to day.  This 
correction however had no effect on the range of post-fire NDVI, and instead caused the 
minimum and maximum values to increase.  In terms of NDVI indicating vegetated 
surfaces (>0.2), bare soils (0-0.1), waterbodies (-0.1) and cloud (-0.2), no change in class 
allocation occurred after correction (Roderick 1994).  In this case, all days except for 
October 26 were classed as bare soil. 
The first hypothesis, that variations in surface reflectance due to varying sun and view 
angles plus atmospheric effects are greater than those due to bushfires, appeared to be 
supported.  Additional pre-fire data is necessary to confirm this, as only two days worth of 
data were available.  The second hypothesis, that NDVI from uncorrected reflectance as an 
empirical of correction is improved where the reflectances are also corrected using 
mechanistic models, appeared to be supported too.  It is worth noting though, that only 
fairly small changes were made to the data for the majority of days, and no change in class 
allocation occurred (i.e. bare soil for all post-fire days).  Thirdly, the hypothesis that 
alternative vegetation indices such as VI3, GEMI and GEMI3 provide better spectral 
separability between burnt and unburnt classes than NDVI was supported.  In this case, 
both VI3 and GEMI3 outperformed NDVI. 
In conclusion, this case study of Dampierland exhibited the same response as case study 3 
of the Central Ranges.  Both case studies are characterised by shrublands overlying 
hummock grasslands and brightly coloured soils.  No significant weather events occurred  -  176  - 
during the study period, suggesting that the variation in recorded reflectance and NDVI 
was caused by angular and fire effects.  Additionally the vegetation indices VI3 and GEMI3 
performed better than NDVI.  -  177  - 
8 GENERAL  DISCUSSION 
 
This chapter summarises the findings of the four case studies presented previously, and 
discusses reasons for the variation in spectral and temporal signature response of fire 
affected areas (FAA).  The likelihood of developing an algorithm for the near real-time 
automatic detection of land cover change from bush fires is also discussed. 
Bush fires are large scale natural disturbances often caused by lightning strikes in remote 
areas.  They play an important role in greenhouse gas emission and aerosols, and result in 
land cover change.  Fire is also used as a land management tool to limit the severity of bush 
fires, protect property and fire sensitive vegetation species, and improve pasture for cattle. 
Case studies 1 and 2 of the Great Sandy Desert and the Pilbara respectively, exhibited the 
same response to burning, and can be classified as typical fires, where both the visible 
(channel 1) and NIR (channel 2) channels, and vegetation indices (NDVI, GEMI, GEMI3, 
and VI3) decreased with burning.  Case studies 3 and 4 of the Central Ranges and 
Dampierland however, displayed an atypical fire response, where the visible channel 
increased while the NIR channel and vegetation indices (NDVI, GEMI, GEMI3, and VI3) 
decreased.  Pereira et al. (1999) suggest that recently burnt surfaces tend to be reasonably 
dark in the visible range, however they also recognise that some can have high reflectance 
due to the contribution of bright soil background.  In the case of studies 3 and 4, both sites 
were characterised by brightly coloured red soils.  The NIR is considered the best spectral 
region for burnt area detection and mapping, particularly when pre-fire fuel levels are high 
and combustion results in lots of charcoal deposits on the ground.  This is due to the fact 
that green vegetation is extremely reflective in the NIR and thus burning causes a decrease  -  178  - 
in reflectance.  Occasionally there are exceptions, and again bright soil backgrounds are a 
likely cause (Pereira 1999). 
The MIR (channel 3) has also been widely used to map burnt areas, and tends to have a 
similar response to the visible channel (i.e. increase in reflectance), although it is higher 
over burnt surfaces (Pereira et al. 1999).  The reflective component of this channel was 
utilised to calculate GEMI3 and VI3 prior to the launch of NOAA-15 (1998).  In this 
study, however channel 3A (shortwave infrared - SWIR) was substituted instead, as 
NOAA-16 only records in this channel during the day.  Moreover, little research has been 
published to date on channel 3A for NOAA-16.  However the SWIR for SPOT 
VEGETATION, has been utilised for mapping burnt areas and results have been 
published.  Fraser et al. (2000) and Stroppiana et al. (2003) found that this channel is less 
sensitive to smoke contamination, rarely saturated by fire and sensitive to “vegetation water 
content” (p.2138) (Stroppiana et al. 2003a). 
Fire intensity is also significant as ash (lighter) results from high fire intensity while charcoal 
(darker) is produced by low intensity fires.  Moderate fires have been known to only scorch 
tree crowns thus causing an increase in visible and a decrease in NIR reflectances (Pereira et 
al. 1999).  In this study, all fires occurred during the late dry season (October - November) 
which suggests they were all exposed to high fire intensity, and thus should have similar 
spectral responses.  This was not the case however, and the differing responses could be 
attributed to the fact that case studies 1 and 2 were affected by low intensity fires in high 
fire season, while case studies 3 and 4 were influenced by moderate to high intensity fires. 
Climate can also play a role with rainfall and fresh to strong winds dispersing ash and 
charcoal, resulting in the exposure of background soils.  These bare soils can be highly 
reflective thus causing signature reversal and hindering automatic mapping of FAA  -  179  - 
(Simpson 1990).  In the case of 3 (Central Ranges), significant rain (> 5mm) fell on 
November 9 and 13.  With regard to wind speed, no significant (> 30 km/h) days were 
recorded, however maximum wind speeds in excess of 40 km/h were recorded for all case 
studies on multiple days.  Wind can also help to dry fuels, increase oxygen for combustion, 
and preheat and ignite fuel ahead of the fire front (Whelan 1995).  Little rain combined 
with high temperatures and low humidity encourages fire also (Tapper 1999).  Cloud cover 
can be a major constraint as clouds may obscure active fires, contaminate readings and 
reflect sunlight (Justice et al. 1993).  All case studies were affected by cloud, and thus not all 
satellite passes were able to be analysed.  Overall climate determines vegetation 
productivity and therefore influences the rate of fuel accumulation (Whelan 1995). 
Temperature 
The usefulness of thermal data for detecting and mapping fire affected areas varies 
depending upon factors such as time since fire, climatic conditions and degree of contrast 
with surrounding vegetation.  It is expected that temperatures will rise over the fire affected 
areas relative to the pre-fire situation, although a number of authors such as Pereira et al. 
(1999) have found that the temperature differences are too small and that the “differential 
thermal signal” (p.132) quickly disappears as soon as vegetation begins regenerating 
(Pereira et al. 1999).  In case studies 1 and 2, post-fire temperatures tended to increase, 
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Reflectance 
Raw (TOA) reflectances were analysed and plotted, however trends were difficult to 
analyse due to the variation in daily reflectances recorded over a cycle.  Numerous authors 
such as Burgess and Pairman (1997) have documented that reflectances often increase 
when viewing angles become overly large. 
Atmospheric corrections 
The application of Paltridge and Mitchell’s (1990) equation allowed channels 1 and 2 to be 
corrected.  The parameters required for correction (e.g. aerosol optical depth and molecular 
multiple scattering) were not available for channel 3A.  Moreover, these parameters affect 
the degree of correction (Paltridge & Mitchell 1990).  Rahman & Dedieu (1994) also 
suggest that the accuracy of correction decreases if viewing angles exceed 50
o. 
BRDF corrections 
When case studies 1 of the Great Sandy Desert and 2 of the Pilbara were BRDF corrected 
it was found that they exhibited the same response in the comparison made between pre- 
and post-fire data.  The BRDF parameters f1, f2 and f3 were calculated, investigated and 
the following two rules were devised: 
1)  If a pixel is burnt, nadir surface reflectance decreases for both the visible and near-
infrared channels. 
2)  If a pixel is burnt, the parameters f1 and f3 will decrease, while f2 will increase. 
It should be noted that parameter f2 is much more sensitive to noise than parameters f1 
and f3.  -  181  - 
It would have been preferable to have included pre- and post-fire data comparison of case 
studies 3 and 4 as well, but unfortunately there was not enough pre-fire data to enable any 
comparison. 
As historical data were used, there is little chance of verifying the surface BRDF model, 
however this data is still important, as it provides a long time series which can be used to 
monitor changes in land cover (O'Brien et al. 1998). 
Burnt areas vary both temporally and spatially due to vegetation type, the completeness of 
the burn, revegetation, and rates of ash and charcoal dispersal by climatic factors such as 
wind and rain (Roy et al. 1999).  
Vegetation Indices 
Overall, higher NDVI values were measured for pre-fire days over post-fire days for all 
case studies.  This finding is consistent with the findings of Sousa et al. (2003) that recently 
burned surfaces have lower NDVI than green vegetation.  Barbosa et al. (1998) also found 
that the burning of vegetation decreases the NDVI signal.  Atmospheric and BRDF 
corrected NDVI exhibited a similar trend with post-fire days having decreased values.  The 
necessity to correct NDVI is dependent upon whether the BRDF’s of the individual 
channels (i.e. channel 1 and 2) are different (Smith, personal communication, March 14, 
2003).  Moreover, viewing geometry influences the NDVI to a lesser extent than channels 
1 and 2 (Wu et al. 1995). 
Likewise, the alternative vegetation indices (GEMI, GEMI3 and VI3) had higher values for 
pre-fire days than post-fire days.  The performance of each index in terms of separating 
burnt and unburnt classes varied from case to case.  In case studies 1 and 2, GEMI 
performed the best.  VI3 outperformed NDVI, being best in case study 4 and second best  -  182  - 
in 2, while for case studies 3 and 4 GEMI3 was the second best.  Both GEMI and VI3 
have been found to reduce atmospheric effects (Kaufman & Remer 1994; Pereira 1999).  
Pereira (1999) found that GEMI3 was the best, followed by GEMI, VI3 and then NDVI.  
The findings in case study 3 were the most inconsistent however, as NDVI performed the 
best.  In fact, both NDVI and atmospheric corrected NDVI had the same value, possibly 
suggesting that there was little atmospheric interference.   
It was evident from this study that both atmospheric and BRDF corrections are crucial in 
order to study a time series of NOAA-AVHRR data.  For example, extreme off-nadir days 
tended to exhibit much higher reflectances, and thus large corrections were necessary.  The 
choice of models are wide-ranging and dependent upon various factors, such as available 
ancillary data (i.e. aerosol optical depth, molecular multiple scattering, vegetation canopy 
and soil properties), resources and expertise.  In this study, Paltridge and Mitchell’s 
equation (1990) and algorithms from the MODIS/BRDF albedo product were employed 
to correct the reflectance data.  These are by no means the best, nevertheless they were not 
resource intensive, and allowed the calculation of surface reflectances for channels 1 and 2.   
All reflectance channels (i.e. 1, 2 and 3A) require correction when utilised on their own, 
however in this study only channels 1 and 2 could be corrected.  This was due to the fact 
that parameters such as molecular multiple scattering (M), and aerosol optical depth were 
not provided by Paltridge and Mitchell (1990) for the new channel 3A.  This channel has 
only been in existence since NOAA-15 (1998) and to date little research has been 
published.  It is worth noting that SMAC includes this channel, and thus should be 
implemented at the pre-processing stage if at all possible.  Further investigation into the 
applicability of the MODIS/BRDF albedo product to NOAA-AVHRR data is also 
recommended.  -  183  - 
The research presented in this thesis has documented the spectral variation in FAA (fire 
affected areas).  This variation can result from numerous factors including fire intensity, 
duration of the ash/charcoal deposit, vegetation regrowth, climatic factors - wind and rain, 
background soil influence and vegetation type.  In this study, two different spectral 
responses were recorded, suggesting that at least two sets of thresholds need to be set in an 
automated or semi-automated classification algorithm.  It has also highlighted the fact that 
atmospheric and BRDF corrections are vital for temporal studies using daily images, as 
variation in viewing and illumination geometry over a cycle can result in pixel distortion 
and hence inaccurate readings. 
Finally, it is recommended that future research apply a fully automated atmospheric and 
BRDF correction at the pre-processing stage prior to analysis.  It is also necessary to 
investigate additional FAA within the four biogeographic regions to enable thresholds to 
be set in order to derive an automated or semi-automated classification algorithm.  This 
algorithm must take into account the variation in spectral signature which may result from 
fire intensity, vegetation type, contribution of background soil or climatic factors.  Data 
presented in this study demonstrate that consistency does exist in spectral properties of 
FAA between varying biogeographic regions.  It therefore suggests that the incorporation 
of an algorithm for the near real-time automatic detection of land cover change from bush 
fires using daily measures of temperature, surface reflectance and NDVI from wide field of 
view sensors such as AVHRR is achievable. 
  -  184  - 
REFERENCES 
 
Al-Rawi, K. R., Casanova, J. L. and Calle, A. (2001). Burned area mapping system and fire 
detection system, based on neural networks and NOAA-AVHRR imagery. 
International Journal of Remote Sensing, 22(10), 2015-2032. 
Bailey, T. C. and Gatrell, A. C. (1995). Interactive spatial data analysis. New York: Longman 
Scientific. 
Barbosa, P. M., Gregoire, J. M. and Pereira, J. M. C. (1999). An algorithm for extracting 
burned areas from time series of AVHRR GAC data applied at a continental scale. 
Remote Sensing of Environment, 69, 253-263. 
Barbosa, P. M., Pereira, J. M. C. and Gregoire, J. M. (1998). Compositing Criteria for 
Burned Area Assessment Using Multitemporal Low Resolution Satellite Data. 
Remote Sensing of Environment, 65, 38-49. 
Beard, J. S. (1990). Plant Life of Western Australia: Kangaroo Press Australia. 
Bogusiak, A., Rice, B. and Westoby, M. (1990). Seedling Emergence of Hummock Grasses 
in Relation to the effects of fire. Australian Rangeland Journal, 12(1), 25-28. 
Bond, W. J. and Wilgen, V. (1996). Fire & Plants: Chapman & Hall. 
Bureau of Meteorology (1996). Kimberley Climatic Survey Western Australia January 1996. 
Canberra: Australian Government Publishing Service. 
Bureau of Meteorology (2002). Annual Climate Summary 2001. Melbourne, National 
Climate Section: 12. 
Bureau of Meteorology (2003). Analysis Chart Archive, Commonwealth of Australia. 2003.  -  185  - 
Bureau of Rural Sciences after CSIRO (1991). Digital Atlas of Australian Soils. 2002. 
Burgess, D. W. and Pairman, D. (1997). Bidirectional reflectance effects in NOAA 
AVHRR data. International Journal of Remote Sensing, 18(13), 2815-2825. 
Casson, N. E. and Fox, J. E. D. (1987). The Post-Fire Regeneration Responses of Triodia 
wiseana and T.basedowii. Australian Rangeland Journal, 9(1), 53-55. 
Cheney, P. and Sullivan, A. (1997). Grassfires: fuel, weather and fire behaviour: CSIRO 
Publishing. 
Chuvieco, E., Martin, M. P. and Palacios, A. (2002). Assessment of different spectral 
indices in the red-near-infrared spectral domain for burned land discrimination. 
International Journal of Remote Sensing, 23(23), 5103-5110. 
Cihlar, J., Tcherednichenko, I., Latifovic, R., Li, Z. and Chen, J. (2001). Impact of Variable 
Atmospheric Water Vapor Content on AVHRR Data Corrections over Land. 
IEEE Transactions on Geoscience and Remote Sensing, 39(1), 173-180. 
Coakley, J. A. and Bretherton, F. P. (1982). Cloud Cover from High-Resolution Scanner 
Data: Detecting and Allowing for Partially Filled Fields of View. Journal of 
Geophysical Research, 87(C7), 4917-4932. 
Craig, A. B. (1997). A review of information on the effects of fire in relation to the 
management of rangelands in the Kimberley high-rainfall zone. Tropical Grasslands, 
31, 161-187. 
Craig, A. B. (1999). Fire management of rangelands in the Kimberley low-rainfall zone: a 
review. Rangeland Journal, 21(1), 39-70. 
Craig, G. F. (1983). Pilbara Coastal Flora. South Perth: Department of Agriculture.  -  186  - 
Craig, R., Heath, B., Raisbeck-Brown, N., Steber, M., Marsden, J. and Smith, R. (2002). The 
distribution, extent and seasonality of large fires in Australia, April 1998-March 
2000, as mapped from NOAA-AVHRR imagery. Australian fire regimes: 
contemporary patterns (April 1998 - March 2000) and changes since European 
settlement. J. Russell-Smith, Craig, R,. Gill, A.M., Smith, R. and Williams, J. 
Canberra, Department of the Environment and Heritage. 
Craig, R. L., Evans, F. L., Smith, R. G. C., Steber, M. T. and Wyllie, A. (1995). Firewatch - 
The Use of NOAA-AVHRR Data for the Detection of Bushfires in Western 
Australia. 2nd North Australian Remote Sensing and Geographic Information 
Systems Forum, Darwin NT Australia, Supervising Scientist, AURISA. 
CSIRO (2001). CAPS Documentation, CSIRO. 2003. 
Department of Land Information (2002a). Fire History for Kimberley Region 1993 to 
2001. Perth, Department of Land Information. 
Department of Land Information (2002b). Fuel Age Map for FESA Pilbara Region 1995 to 
2001. Perth, Department of Land Information. 
Dozier, J. (1981). A method for Satellite Identification of Surface Temperature Fields of 
Subpixel Resolution. Remote Sensing of Environment, 11, 221-229. 
Dymond, J. R., Shepherd, J. D. and Qi, J. (2001). A simple physical model of vegetation 
reflectance for standardising optical satellite imagery. Remote Sensing of Environment, 
75, 350-359. 
Elvidge, C. D., Pack, D. W., Prins, E., Kihn, E. A., Kendall, J. and Baugh, K. E. (1999). 
Wildfire Detection with Meteorological Satellite Data: Results from New Mexico 
During June of 1996 Using GOES, AVHRR and DMSP-OLS. Remote Sensing  -  187  - 
Change Detection: Environmental Monitoring Methods and Applications. R. S. 
Lunetta &C. D. Elvidge. London, Taylor & Francis: Ch7 103-121. 
Environment Australia (2000). Revision of the Interim Biogeographic Regionalisation of 
Australia (IBRA) and the Development of Version 5.1. - Summary Report. 
Canberra, Department of Environment and Heritage. 
Environment Australia (2001). Australian Natural Resource Atlas, Commonwealth of 
Australia 2001. 2003. 
Environmental Systems Research Institute Inc. (1996). Using ArcView Spatial Analyst. 
Redlands, California: Environmental Systems Research Institute Inc. 
Flannigan, M. D. and Vonder Haar, T. H. (1986). Forest fire monitoring using NOAA 
satellite AVHRR. Canadian Journal of Forest Research, 16, 975-982. 
Flasse, S. (1998). Semi-Automatic AVHRR Burn Scar Detection for Botswana. Greenwich, 
UK, Natural Resources Institute, University of Greenwich. 
Flasse, S. P. and Ceccato, P. (1996). A contextual algorithm for AVHRR fire detection. 
International Journal of Remote Sensing, 17(2), 419-424. 
Fraser, R. H., Li, Z. and Landry, R. (2000). SPOT VEGETATION for characterizing 
boreal forest fires. International Journal of Remote Sensing, 21(18), 3525-3532. 
Giglio, L., Kendall, J. D. and Justice, C. O. (1999). Evaluation of global fire detection 
algorithms using simulated AVHRR infrared data. International Journal of Remote 
Sensing, 20(10), 1947-1985. 
Gleason, A. C. R., Prince, S. D., Goetz, S. J. and Small, J. (2002). Effects of orbital drift on 
land surface temperature measured by AVHRR thermal sensors. Remote Sensing of 
Environment, 79, 147-165.  -  188  - 
Heath, B. C. (1999). Mapping of Land Surfaces Affected By Fire with Remote Sensing 
Techniques and Landsat TM Imagery in the Central Wheatbelt of WA. 
Environmental Science. Perth, Murdoch University. 
Hlavka, C. A., Ambrosia, V. G., Brass, J. A., Rezendez, A. R. and Guild, L. S. (1996). 
Mapping Fire Scars in the Brazilian Cerrado Using AVHRR Imagery. Biomass 
Burning & Global Change. J. S. Levine. Cambridge Massachusetts & London, 
Massachusetts Institute of Technology (MIT Press). 2: 555-560. 
Hopkins, A. J. M., Beeston, G. R. and Shepherd, D. P. (2001). A Database on the 
vegetation of Western Australia. Stage 1. Perth, Department of Agriculture. 
Hu, B., Lucht, W., Strahler, A. H., Schaaf, C. B. and Smith, M. (2000). Surface Albedos and 
Angle-Corrected NDVI from AVHRR Observations of South America. Remote 
Sensing of Environment, 71, 119-132. 
Jacobs, S. W. L. (1982). Relationships, distribution and evolution of Triodia and Plectrachne 
(Gramineae). Evolution of the flora and fauna of arid Australia. W. R. Barker &P. J. 
M. Greenslade. Sydney, Peacock Publications in association with Australian 
Systematic Botany Society and ANZAAS, South Australian Division.: 287-290. 
Jupp, D. L. and Strahler, A. (1996). Image Brightness & BRDF Workshop Issues, CSIRO. 
Justice, C. O., Malingreau, J.-P. and Setzer, A. W. (1993). Satellite Remote Sensing of Fires: 
Potential and Limitations. Fire in the Environment. P. J. Crutzen &J. G. 
Goldammer. New York, John Wiley: 77-88. 
Kaufman, Y. and Justice, C. (1998). MODIS FIRE PRODUCTS, MODIS Science Team: 
1-77.  -  189  - 
Kaufman, Y. J., Justice, C. O., Flynn, L. P., Kendall, J. D., Prins, E. M., Giglio, L., Ward, D. 
E., Menzel, W. P. and Setzer, A. W. (1998). Potential global fire monitoring from 
EOS-MODIS. Journal of Geophysical Research, 103(D24), 32,215-32,238. 
Kaufman, Y. J. and Remer, L. A. (1994). Detection of Forests Using Mid-IR Reflectance: 
An Application for Aerosol Studies. IEEE Transactions on Geoscience and Remote 
Sensing, 32(3), 672-683. 
Kitchen, M. and Reid, N. (1999). Fire history - what can you do without it ? Deriving the 
context for a fire ecology study by integrating satellite imagery and local 
information. Australian Bushfire Conference, Albury, July 1999, Albury, NSW, 
Ecosystem Management, School of Rural Science and Natural Resources, 
University of New England. 
Koutsias, N. and Karteris, M. (2000). Burned area mapping using logistic regression 
modeling of a single post-fire Landsat-5 Thematic Mapper image. International 
Journal of Remote Sensing, 21(4), 673-687. 
Langaas, S. (1995). Night-Time Observations of West-African Bushfires from Space: 
Studies on methods and applications of thermal NOAA/AVHRR satellite data 
from Senegal and Gambia. Resource Geography and Landscape Ecology, 
Department of Geography. Oslo, University of Oslo. 
Langaas, S. (1998). Visit to Satellite Remote Sensing Services/ Department of Land 
Administration. Perth, Tropical Savannas CRC: 6. 
Langaas, S., Ryan, P. G. and Russell-Smith, J. (1999). Assessing DOLA/FireWatch 
AVHRR fire scar maps of the Kimberley, Western Australia, 1997-98, using 
airborne transect data.  -  190  - 
Lee, K., Hulstrom, R. L., Olson, C. E. J., Quade, J. G. and Reeves, R. G. (1975). Ground 
Investigations in Support of Remote Sensing. Manual of Remote Sensing.  Volume 
1 - Theory, Instruments, and Techniques. F. J. Janza. Falls Church, Virginia, The 
American Society of Photogrammetry. 1: 805-856. 
Lee, T. F. and Tag, P. M. (1990). Improved Detection of Hotspots using the AVHRR 3.7-
um Channel. Bulletin American Meteorological Society, 71(12), 1722-1730. 
Lucht, W., Schaaf, C. B. and Strahler, A. (2000). An Algorithm for the Retrieval of Albedo 
from Space Using Semiempirical BRDF Models. IEEE Transactions on Geoscience and 
Remote Sensing, 38(2), 977-998. 
Martin, M. P., Flasse, S., Downey, I. and Ceccato, P. (1999). Fire detection and fire growth 
monitoring using satellite data. Remote Sensing of Large Wildfires in the European 
Mediterranean Basin. E. Chuvieco. Berlin, Springer Verlag: 101-. 
Matson, M., Schneider, S. R., Alridge, B. and Satchwell, B. (1984). Fire Detection Using the 
NOAA - Series Satellites. Washington, D.C., US Department of Commerce: 34. 
McMillan, C., Craig, R., Steber, M., Adams, J., Evans, F. and Smith, R. (1997). Fire History 
Mapping in the Kimberley Region of Western Australia 1993 to 1996 - 
Methodology and Results. Bushfire '97: Proceedings, Plaza Hotel, Darwin , 
Northern Territory, Australia, Darwin, Winnellie, N.T. : CSIRO Tropical 
Ecosystems Research Centre. 
Mitchell, R. M. (2002). Aerosol characterization in the Australian tropics: Sun photometer 
measurements and distributions derived from TOMS data. 2002.  -  191  - 
Northcote, K. H., Isbell, R. F., Webb, A. A., Murtha, G. G., Churchward, H. M. and 
Bettenay, E. (1968). Atlas of Australian Soils - Explanatory Data for Sheet 10 Central 
Australia. Melbourne: CSIRO and Melbourne University Press. 
O'Brien, D. M., Mitchell, R. M., Edwards, M. and Elsum, C. C. (1998). Estimation of 
BRDF from AVHRR Short-Wave Channels: Tests over Semiarid Australian Sites. 
Remote Sensing of Environment, 66, 71-86. 
Oertel, D., Briess, K., Lorenz, E., Skrbek, W. and Zhukov, B. (2002). Fire Remote Sensing 
By the Small Satellite on Bi-Spectral Infrared Detection (BIRD). 11thARSPC, 
Brisbane, RSPAA. 
Oliver, M. A. and Webster, R. (1990). Kriging: a method of interpolation for geographical 
information systems. International Journal of Geographical Information Systems, 4(3), 313-
332. 
Ormsby, T. and Alvi, J. (1999). Extending ArcView GIS. California: Environmental Systems 
Research Institute, Inc. 
Paltridge, G. W. and Mitchell, R. M. (1990). Atmospheric and Viewing Angle Correction of 
Vegetation Indices and Grassland Fuel Moisture Content Derived from 
NOAA/AVHRR. Remote Sensing of Environment, 31, 121-135. 
Pereira, J. M. C. (1999). A Comparative Evaluation of NOAA/AVHRR Vegetation 
Indexes for Burned Surface Detection and Mapping. IEEE Transactions on Geoscience 
and Remote Sensing, 37(1), 217-226. 
Pereira, J. M. C., Sa, A. C. L., Sousa, A. M. O., Silva, J. M. N., Santos, T. N. and Carreiras, J. 
M. B. (1999). Spectral characterisation and discrimination of burnt areas. Remote  -  192  - 
Sensing of Large Wildfires in the European Mediterranean Basin. E. Chuvieco. 
Berlin, Springer Verlag: 123-138. 
Qin, W., Herman, J. R. and Ahmad, Z. (2001). A fast, accurate algorithm to account for 
non-Lambertian surface effects on TOA radiance. Journal of Geophysical Research, 
106(D19), 22671-22684. 
Rahman, H. and Dedieu, G. (1994). SMAC: a simplified method for the atmospheric 
correction of satellite measurements in the solar spectrum. International Journal of 
Remote Sensing, 15(1), 123-143. 
Razafimpanilo, H., Frouin, R., Iacobellis, S. F. and Somerville, R. C. J. (1995). Methodology 
for Estimating Burned Area from AVHRR Reflectance Data. Remote Sensing of 
Environment, 54, 273-289. 
Research Systems Inc. (2001). ENVI User's Guide. Colorado, Research Systems Inc. 
Rice, B. and Westoby, M. (1999). Regeneration after fire in Triodia R.Br. Australian Journal of 
Ecology, 24, 563-572. 
Ritchie, A. (2000). Mapping Goanna spp Distributions in a GIS environment. Geography. 
Perth, University of Western Australia. 
Robinson, J. M. (1991). Fire from space: Global fire evaluation using infrared remote 
sensing. International Journal of Remote Sensing, 12(1), 3-24. 
Roderick, M. L. (1994). Satellite derived vegetation indices for monitoring seasonal 
vegetation conditions in Western Australia. School of Surveying and Land 
Information. Perth, Curtin University of Technology: 349.  -  193  - 
Roujean, J. L., Leroy, M. and Deschamps, P. Y. (1992). A Bidirectional Reflectance Model 
of the Earth's Surface for the Correction of Remote Sensing Data. Journal of 
Geophysical Research, 97(D18), 20455-20468. 
Roujean, J. L., Leroy, M., Podaire, A. and Deschamps, P. Y. (1992a). Evidence of surface 
reflectance bidirectional effects from a NOAA/AVHRR multi-temporal data set. 
International Journal of Remote Sensing, 13(4), 685-698. 
Roy, D. P., Giglio, L., Kendall, J. D. and Justice, C. O. (1999). Multi-temporal active based 
burn scar detection algorithm. International Journal of Remote Sensing, 20(5), 1031-1038. 
Salvador, R., Valeriano, J., Pons, X. and Diaz-Delgado, R. (2000). A semi-automatic 
methodology to detect fire scars in shrubs and evergreen forests with Landsat MSS 
time series. International Journal of Remote Sensing, 21(4), 655-671. 
Simpson, C. J. (1990). Deep weathering, vegetation and fireburn.  Significant obstacles for 
geoscience remote sensing in Australia. International Journal  of Remote Sensing, 11(11), 
2019-2034. 
Smith, R. C. G., Craig, R. L., Steber, M. T., Marsden, A. J., Raisbeck-Brown, N. A. and 
Adams, J. (1999). Role of Remote Sensing in Bushfire Management. Fire and 
Sustainable Agricultural and Forestry Development in Eastern Indonesia and 
Northern Australia, NTU, Darwin, Australian Centre for International Agricultural 
Research (ACIAR). 
Sousa, A. M. O., Pereira, J. M. C. and Silva, J. M. N. (2003). Evaluating the performance of 
multitemporal image compositing algorithms for burned area analysis. International 
Journal of Remote Sensing, 24(6), 1219-1236.  -  194  - 
Strahler, A., Lucht, W., Schaaf, C. B., Tsang, T., Gao, F., Li, X., Muller, J.-P., Lewis, P. and 
Barnsley, M. J. (1999). MODIS BRDF/Albedo Product: Algorithm Theoretical 
Basis Document, Version 5.0. Greenbelt, MD, USA. 
Stroppiana, D., Gregoire, J.-M. and Pereira, J. M. C. (2003a). The use of SPOT 
VEGETATION data in a classification tree approach for burnt area mapping in 
Australian savanna. International Journal of Remote Sensing, 24(10), 2131-2151. 
Stroppiana, D., Tansey, K., Gregoire, J.-M. and Pereira, J. M. C. (2003b). An Algorithm for 
Mapping Burnt Areas in Australia Using SPOT-VEGETATION Data. IEEE 
Transactions on Geoscience and Remote Sensing, 41(4), 907-909. 
Tapper, N. (1999). Atmospheric Issues for Fire Management in Eastern Indonesia and 
Northern Australia. Fire and Sustainable Agricultural and Forestry Development in 
Eastern Indonesia and Northern Australia, NTU,  Darwin, Australian Centre for 
International Agricultural Research (ACIAR). 
Turner, P. J., Davies, H. L., Tildesley, P. C. and Rathbone, C. (1998). Common AVHRR 
Processing Software (CAPS). 9th Australasian Remote Sensing and 
Photogrammetry Conference, Sydney, Canberra, ACT: CSIRO Land and Water. 
Verstraete, M. M. and Pinty, B. (1996). Designing Optimal Spectral Indexes for Remote 
Sensing Applications. IEEE Transactions on Geoscience and Remote Sensing, 34(5), 1254-
1265. 
Walthall, C. L., Norman, J. M., Welles, J. M., Campbell, G. and Blad, B. L. (1985). Simple 
equation to approximate the bidirectional reflectance from vegetative canopies and 
bare soil surfaces. Applied Optics, 24(3), 383-387. 
Whelan, R. J. (1995). The Ecology of Fire: Cambridge University Press.  -  195  - 
Williams, A. A. J. and Karoly, D. J. (1999). Extreme fire weather in Australia and the 
impact of El Nino-Southern Oscillation. Australian Meteorological Magazine, 48(1), 15-
22. 
Wu, A., Li, Z. and Cihlar, J. (1995). Effects of land cover type and greeness on advanced 
very high resolution radiometer bidirectional reflectances: Analysis and removal. 




  -  196  - 
 
  -  197  - 
APPENDICES 
 
Appendix 1: Satellite Pass Details...............................................................................................198 
Appendix 2: ER Mapper Header Files.......................................................................................199 
Appendix 3: IDRISI Grids..........................................................................................................220 
Appendix 4: Example ENVI Header File.................................................................................224 
Appendix 5: Algorithm General Framework............................................................................225 
Appendix 6:  Synoptic Charts......................................................................................................227 
Appendix 7: Climate Interpolation - Significant Findings for Case Studies 1 to 4 .............231 
Appendix 8: Climate Interpolation Maps - October 26 to November 23 2001..................233 
Appendix 9:  Corrected Data - Atmospheric, Solar, BRDF & Vegetation Indices.............262 
Appendix 10:  BRDF Spreadsheet..............................................................................................287 
Appendix 11: Satellite & Solar Zenith Angles ..........................................................................294 




Appendix 1: Satellite Pass Details 
 
 
Satellite No. Orbit No. Date Time Year CS1 CS2 CS3 CS4
N16 5638 Oct_26 13:37 2001 WST
N16 5652 Oct_27 13:26 2001 WST
N16 5666 Oct_28 13:16 2001 WST
N16 5680 Oct_29 13:06 2001 WST Y
N16 5694 Oct_30 12:56 2001 WST Y Y
N16 5709 Oct_31 14:24 2001 WST Y
N16 5723 Nov_1 14:14 2001 WST Y Y Y Y
N16 5737 Nov_2 14:03 2001 WST Y Y Y Y
N16 5751 Nov_3 13:52 2001 WST Y Y
N16 5765 Nov_4 13:42 2001 WST Y Y
N16 5779 Nov_5 13:31 2001 WST
N16 5793 Nov_6 13:21 2001 WST
N16 5807 Nov_7 13:11 2001 WST Y
N16 5821 Nov_8 13:00 2001 WST
N16 5836 Nov_9 14:29 2001 WST Y
N16 5850 Nov_10 14:19 2001 WST Y Y Y Y
N16 5864 Nov_11 14:08 2001 WST Y Y Y
N16 5878 Nov_12 13:57 2001 WST Y Y Y Y
N16 5892 Nov_13 13:47 2001 WST Y
N16 5906 Nov_14 13:36 2001 WST Y
N16 5920 Nov_15 13:26 2001 WST Y Y
N16 5934 Nov_16 13:15 2001 WST Y
N16 5948 Nov_17 13:05 2001 WST
N16 5962 Nov_18 12:55 2001 WST
N16 5977 Nov_19 14:23 2001 WST Y Y Y
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 CoordinateSpace  Begin 
  Datum   =  "AGD66" 
  Projection  =  "GEODETIC" 
  CoordinateType  =  EN 
  Rotation  =  0:0:0.0 
 CoordinateSpace  End 
 RasterInfo  Begin 
  CellType  =  Signed16BitInteger 
  CellInfo  Begin 
   Xdimension  =  0.01 
   Ydimension  =  0.01 
  CellInfo  End 
     NrOfLines  = 2601 
  NrOfCellsPerLine  =  1701 
  RegistrationCoord  Begin 
   Eastings  =  112 
   Northings  =  -36 
  RegistrationCoord  End 
    RegistrationCellX       = 0 
    RegistrationCellY       = 2601 
  NrOfBands  =  10 
 RasterInfo  End 
DatasetHeader End 
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6005 DatasetHeader Begin 
 Version   =  "5.5" 
  LastUpdated = Tue May 25 04:09:42 GMT 1999 
  DataSetType = ERStorage 
 DataType  =  Raster 
 ByteOrder  =  MSBFirst 
 HeaderOffset =  1024 
 CoordinateSpace  Begin 
  Datum   =  "AGD66" 
  Projection  =  "GEODETIC" 
  CoordinateType  =  EN 
  Rotation  =  0:0:0.0 
 CoordinateSpace  End 
 RasterInfo  Begin 
  CellType  =  Signed16BitInteger 
  CellInfo  Begin 
   Xdimension  =  0.01 
   Ydimension  =  0.01 
  CellInfo  End 
     NrOfLines  = 2201 
  NrOfCellsPerLine  =  1701 
  RegistrationCoord  Begin 
   Eastings  =  112 
   Northings  =  -36 
  RegistrationCoord  End 
    RegistrationCellX       = 0 
    RegistrationCellY       = 2201 
  NrOfBands  =  10 





 Version   =  "5.5" 
  LastUpdated = Tue May 25 04:09:42 GMT 1999 
  DataSetType = ERStorage 
 DataType  =  Raster 
 ByteOrder  =  MSBFirst 
 HeaderOffset =  1024 
 CoordinateSpace  Begin 
  Datum   =  "AGD66" 
  Projection  =  "GEODETIC" 
  CoordinateType  =  EN 
  Rotation  =  0:0:0.0 
 CoordinateSpace  End 
 RasterInfo  Begin 
  CellType  =  Signed16BitInteger 
  CellInfo  Begin 
   Xdimension  =  0.01 
   Ydimension  =  0.01 
  CellInfo  End 
     NrOfLines  = 2601 
  NrOfCellsPerLine  =  1701 
  RegistrationCoord  Begin 
  - 218 -    Eastings  =  112 
   Northings  =  -36 
  RegistrationCoord  End 
    RegistrationCellX       = 0 
    RegistrationCellY       = 2601 
  NrOfBands  =  10 





 Version   =  "5.5" 
  LastUpdated = Tue May 25 04:09:42 GMT 1999 
  DataSetType = ERStorage 
 DataType  =  Raster 
 ByteOrder  =  MSBFirst 
 HeaderOffset =  1024 
 CoordinateSpace  Begin 
  Datum   =  "AGD66" 
  Projection  =  "GEODETIC" 
  CoordinateType  =  EN 
  Rotation  =  0:0:0.0 
 CoordinateSpace  End 
 RasterInfo  Begin 
  CellType  =  Signed16BitInteger 
  CellInfo  Begin 
   Xdimension  =  0.01 
   Ydimension  =  0.01 
  CellInfo  End 
     NrOfLines  = 2401 
  NrOfCellsPerLine  =  1701 
  RegistrationCoord  Begin 
   Eastings  =  112 
   Northings  =  -36 
  RegistrationCoord  End 
    RegistrationCellX       = 0 
    RegistrationCellY       = 2401 
  NrOfBands  =  10 
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description = {[Fri Jun 07 13:14:14 2002]} 
samples = 1701 
lines   = 2601 
bands   = 10 
header offset = 1024 
file type = ENVI Standard 
data type = 2 
interleave = bil 
sensor type = Unknown 
byte order = 1 
map info = {Geographic Lat/Lon, 0.0000, 2601.0000, 112.00000000, -36.00000000,  
           0.01000000, 0.01000000, Australian Geodetic 1966, units=Degrees} 
pixel size = {0.010000, 0.010000, units=Degrees} 
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The automatic FAA mapping algorithm to be used is based on: 
 
Fuller, D.O. and Fulk, M. (2001) Burned area in Kalimantan, Indonesia mapped with 
NOAA-AVHRR and Landsat TM imagery. International Journal of Remote Sensing, 22, 691-697. 
 
Barbosa, P.M., Gregoire, J.-M., and Pereira, J.M.C. (1999) An algorithm for extracting 
burned areas from time series of AVHRR GAC data applied at a continental scale. Remote 
Sensing of Environment, 69, 253-263. 
 
Pereira, J.M.C. (1999) A Comparative Evaluation of NOAA/AVHRR Vegetation Indexes 
for Burned Surface Detection and Mapping. IEEE Transactions on Geoscience and Remote 
Sensing, 37, 217-226. 
 




Convert Channel 1 and 2 to % Reflectance (R1 and R2) 
Convert Channel 3, 4 and 5 to Brightness Temperatures (BT3, BT4 and BT5) 
 
Calculate Vegetation Index i.e. NDVI &/or GEMI3 (depends if Ch3 is saturated or not)  
Calculate Sun Elevation (SUNEL) 
Rectify to latitude/longitude grid 
 
Mask ocean  




Testing for Inclusion 
 
Add if either set of following tests are satisfied: 
 
SET A: Bright ash (white) 
 
1.  Difference 
 
2.  Temperature 
 
Note: Weather is critical as ash blows away easily 
 
 
SET B: Dark ash (black char) 
 
1.  Difference 
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2.  Temperature 
 
Testing for Exclusion 
 
Remove if follow any of the following tests: 
 
1.  Temperature thresholds  
2.  Temperature differences  BT3, BT4 and BT5 





FAA marked on map 
FAA co-ordinates recorded 
Published on SRSS website 
 
 
  - 226 - Appendix 6:  Synoptic Charts 
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Start Date (UTC) 
Year 2001  
Month October  
Day 26  
Hour 06 
 
End Date (UTC) 
Year 2001  
Month November  
Day 23 
Hour 06 
  - 230 - Appendix 7: Climate Interpolation - Significant Findings for Case Studies 1 to 4 
 
 
DATE CASE STUDY LOCATION RH <20%
Wind Speed 
>30 km/h










26-Oct-01 1 GSD y 0
27-Oct-01 1 GSD y 0 0 to 1
28-Oct-01 1 GSD 0 0 to 1
29-Oct-01 1 GSD 0 2 to 3
30-Oct-01 1 GSD 0 2 to 3
31-Oct-01 1 GSD 0 0 to 1
1-Nov-01 1 GSD <1 7 to 8
2-Nov-01 1 GSD <1 4 to 5
3-Nov-01 1 GSD <1 1 to 2
4-Nov-01 1 GSD <1 0 to 1
5-Nov-01 1 GSD 0 0 to 1
6-Nov-01 1 GSD 0 0 to 1
7-Nov-01 1 GSD <1 0 to 1
8-Nov-01 1 GSD <1 0 to 1
9-Nov-01 1 GSD 0 0 to 1
10-Nov-01 1 GSD <1 1 to 2
11-Nov-01 1 GSD 0 2 to 3
12-Nov-01 1 GSD < 2 2 to 3
13-Nov-01 1 GSD 1 to 2
14-Nov-01 1 GSD <5 0 to 1
15-Nov-01 1 GSD 0 2 to 3
16-Nov-01 1 GSD 0 0 to 1
17-Nov-01 1 GSD 0 1 to 2
18-Nov-01 1 GSD 0 4 to 5
19-Nov-01 1 GSD < 1 4 to 5
20-Nov-01 1 GSD 0 2 to 3
21-Nov-01 1 GSD < 1 1 to 2
22-Nov-01 1 GSD 0 0 to 1
23-Nov-01 1 GSD 0 0
26-Oct-01 2 Pilbara y 0
27-Oct-01 2 Pilbara y 0 0 to 1
28-Oct-01 2 Pilbara y 0 0 to 1
29-Oct-01 2 Pilbara 0 2 to 3
30-Oct-01 2 Pilbara 0 2 to 4
31-Oct-01 2 Pilbara 0 0 to 1
1-Nov-01 2 Pilbara <1 6 to 7
2-Nov-01 2 Pilbara <1 3 to 4
3-Nov-01 2 Pilbara <1 2 to 3
4-Nov-01 2 Pilbara <1 0 to 1
5-Nov-01 2 Pilbara 0 0 to 1
6-Nov-01 2 Pilbara 0 0 to 1
7-Nov-01 2 Pilbara <1 0 to 1
8-Nov-01 2 Pilbara <1 0 to 1
9-Nov-01 2 Pilbara 0 0 to 1
10-Nov-01 2 Pilbara <1 2 to 3
11-Nov-01 2 Pilbara y  0 3 to 4
12-Nov-01 2 Pilbara < 2 3 to 4
13-Nov-01 2 Pilbara 1 to 2
14-Nov-01 2 Pilbara <5 0 to 1
15-Nov-01 2 Pilbara 0 3 to 4
16-Nov-01 2 Pilbara 0 0 to 1
17-Nov-01 2 Pilbara 0 1 to 2
18-Nov-01 2 Pilbara 0 3 to 4
19-Nov-01 2 Pilbara < 1 4 to 5
20-Nov-01 2 Pilbara 0 4 to 5
21-Nov-01 2 Pilbara < 1 1 to 2
22-Nov-01 2 Pilbara 0 1 to 2




  - 231 - DATE CASE STUDY LOCATION RH <20%
Wind Speed 
>30 km/h










26-Oct-01 3 CR y 0
27-Oct-01 3 CR y 0 0 to 1
28-Oct-01 3 CR y 0 3 to 4
29-Oct-01 3 CR y 0 5 to 6
30-Oct-01 3 CR y 0 5 to 6
31-Oct-01 3 CR 0 3 to 4
1-Nov-01 3 CR <1 7 to 8
2-Nov-01 3 CR <1 7 to 8
3-Nov-01 3 CR <1 4 to 5
4-Nov-01 3 CR <1 3 to 4
5-Nov-01 3 CR 0 3 to 4
6-Nov-01 3 CR 0 1 to 2
7-Nov-01 3 CR <1 2 to 3
8-Nov-01 3 CR <1 7 to 8
9-Nov-01 3 CR 11 4 to 5
10-Nov-01 3 CR <1 4 to 5
11-Nov-01 3 CR 0 5 to 6
12-Nov-01 3 CR < 2 7 to 8
13-Nov-01 3 CR 7.5 3 to 4
14-Nov-01 3 CR <5 1 to 2
15-Nov-01 3 CR 0 7 to 8
16-Nov-01 3 CR 0 5 to 6
17-Nov-01 3 CR 0 3 to 4
18-Nov-01 3 CR 0 2 to 3
19-Nov-01 3 CR < 1 4 to 5
20-Nov-01 3 CR y  0 1 to 2
21-Nov-01 3 CR y  < 1 1 to 2
22-Nov-01 3 CR 0 2 to 3
23-Nov-01 3 CR 0 y
26-Oct-01 4 Dampierland y 0
27-Oct-01 4 Dampierland 0 0 to 1
28-Oct-01 4 Dampierland 0 0 to 1
29-Oct-01 4 Dampierland 0 1 to 2
30-Oct-01 4 Dampierland 0 0 to 1
31-Oct-01 4 Dampierland 0 0 to 1
1-Nov-01 4 Dampierland <1 7 to 8
2-Nov-01 4 Dampierland <1 4 to 5
3-Nov-01 4 Dampierland <1 0 to 1
4-Nov-01 4 Dampierland <1 0 to 1
5-Nov-01 4 Dampierland 0 0 to 1
6-Nov-01 4 Dampierland 0 0 to 1
7-Nov-01 4 Dampierland <1 0 to 1
8-Nov-01 4 Dampierland <1 0 to 1
9-Nov-01 4 Dampierland 0 0 to 1
10-Nov-01 4 Dampierland <1 1 to 2
11-Nov-01 4 Dampierland 0 1 to 2
12-Nov-01 4 Dampierland < 2 1 to 2
13-Nov-01 4 Dampierland 0 to 1
14-Nov-01 4 Dampierland <5 1 to 2
15-Nov-01 4 Dampierland 0 1 to 2
16-Nov-01 4 Dampierland 0 0 to 1
17-Nov-01 4 Dampierland 0 0 to 1
18-Nov-01 4 Dampierland 0 3 to 4
19-Nov-01 4 Dampierland < 1 3 to 4
20-Nov-01 4 Dampierland 0 1 to 2
21-Nov-01 4 Dampierland < 1 1 to 2
22-Nov-01 4 Dampierland 0 0 to 1
23-Nov-01 4 Dampierland 0 0  
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reflectance NDVI Sat E Sat A Sun E Sun A BT4 BT5
Ch 3A 
reflectance
ID X Y Lat Lon B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
Outside 23 978 1011 -20.1 121.78 1051 1731 244 701 813 576 2786 4675 4563 2489
Outside 24 979 1011 -20.1 121.79 1076 1753 239 701 813 576 2786 4722 4613 2471
Outside 25 980 1011 -20.1 121.8 1025 1680 242 702 813 576 2786 4750 4633 2489
Outside 26 981 1011 -20.1 121.81 1030 1731 253 703 813 576 2786 4861 4732 2471
Outside 27 982 1011 -20.1 121.82 1076 1821 256 704 813 576 2786 4786 4673 2543
Outside 28 983 1011 -20.1 121.83 1092 1860 260 704 813 576 2786 4880 4761 2543
Outside 29 984 1011 -20.1 121.84 1107 1843 249 705 813 576 2786 4908 4782 2651
Outside 30 985 1011 -20.1 121.85 1127 1843 240 706 813 576 2785 4936 4811 2651
Outside 31 986 1011 -20.1 121.86 1107 1804 239 706 813 576 2785 4917 4772 2633
Outside 180 978 1012 -20.11 121.78 851 1440 256 701 813 576 2786 4552 4422 2217
Outside 181 979 1012 -20.11 121.79 994 1636 243 701 813 576 2786 4656 4542 2380
Outside 182 980 1012 -20.11 121.8 979 1669 260 702 813 576 2786 4739 4633 2326
Outside 183 981 1012 -20.11 121.81 964 1630 256 703 813 576 2786 4722 4592 2344
Outside 184 982 1012 -20.11 121.82 933 1591 260 703 813 576 2786 4675 4563 2344
Outside 185 983 1012 -20.11 121.83 1061 1748 244 704 813 576 2786 4833 4711 2507
Outside 186 984 1012 -20.11 121.84 1040 1759 256 705 813 576 2786 4833 4702 2507
Outside 187 985 1012 -20.11 121.85 1051 1742 247 706 813 576 2786 4806 4663 2507
Outside 188 986 1012 -20.11 121.86 1040 1692 238 706 813 576 2786 4806 4663 2543
Outside 337 978 1013 -20.12 121.78 856 1428 250 700 813 576 2786 4552 4432 2109
Outside 338 979 1013 -20.12 121.79 846 1423 254 701 813 576 2786 4570 4442 2109
Outside 339 980 1013 -20.12 121.8 867 1473 259 702 813 576 2786 4581 4463 2181
Outside 340 981 1013 -20.12 121.81 923 1563 257 703 813 576 2786 4636 4523 2254
Outside 341 982 1013 -20.12 121.82 851 1440 256 703 813 576 2786 4589 4473 2181
Outside 342 983 1013 -20.12 121.83 928 1518 241 704 813 576 2786 4628 4503 2362
Outside 343 984 1013 -20.12 121.84 1005 1630 237 705 813 576 2786 4711 4583 2416
Outside 344 985 1013 -20.12 121.85 1000 1602 231 705 813 576 2786 4703 4573 2452
Outside 345 986 1013 -20.12 121.86 989 1585 231 706 813 576 2786 4731 4613 2471
Outside 494 978 1014 -20.13 121.78 841 1372 240 700 813 576 2786 4476 4361 2018
Outside 495 979 1014 -20.13 121.79 872 1406 234 701 813 576 2786 4542 4411 2145
Outside 496 980 1014 -20.13 121.8 861 1423 245 702 813 576 2786 4570 4453 2145
Outside 497 981 1014 -20.13 121.81 846 1440 259 702 813 576 2786 4589 4483 2127
Outside 498 982 1014 -20.13 121.82 907 1507 248 703 813 576 2786 4589 4473 2272
Outside 499 983 1014 -20.13 121.83 913 1501 243 704 813 576 2786 4552 4432 2272
Outside 500 984 1014 -20.13 121.84 948 1552 241 704 813 576 2786 4600 4463 2308
Outside 501 985 1014 -20.13 121.85 943 1557 245 705 813 576 2786 4628 4492 2290
Outside 502 986 1014 -20.13 121.86 918 1529 249 706 813 576 2786 4628 4492 2308
Outside 651 978 1015 -20.14 121.78 851 1339 222 700 813 576 2786 4486 4361 2055
Outside 652 979 1015 -20.14 121.79 877 1378 222 701 813 576 2786 4514 4382 2127
Outside 653 980 1015 -20.14 121.8 892 1423 229 702 813 576 2786 4542 4411 2181
Outside 654 981 1015 -20.14 121.81 923 1507 240 702 813 576 2786 4600 4473 2290
Outside 655 982 1015 -20.14 121.82 1010 1585 221 703 813 576 2786 4628 4513 2434
Outside 656 983 1015 -20.14 121.83 1025 1624 226 704 813 576 2786 4675 4553 2471
Outside 657 984 1015 -20.14 121.84 1081 1708 224 704 813 576 2786 4750 4623 2561
Outside 658 985 1015 -20.14 121.85 1122 1781 226 705 813 576 2786 4767 4653 2579
Outside 659 986 1015 -20.14 121.86 1076 1720 230 706 813 576 2786 4750 4623 2471
Outside 808 978 1016 -20.15 121.78 867 1445 250 700 813 576 2787 4533 4411 2145
Outside 809 979 1016 -20.15 121.79 872 1423 240 701 813 576 2787 4552 4422 2163
Outside 810 980 1016 -20.15 121.8 887 1434 235 701 813 576 2787 4570 4442 2235
Outside 811 981 1016 -20.15 121.81 923 1490 234 702 813 576 2786 4600 4483 2344
Outside 812 982 1016 -20.15 121.82 923 1490 234 703 813 576 2786 4617 4492 2362
Outside 813 983 1016 -20.15 121.83 1220 1893 216 703 813 576 2786 4767 4673 2832
Outside 814 984 1016 -20.15 121.84 1235 1933 220 704 813 576 2786 4861 4752 2814
Outside 815 985 1016 -20.15 121.85 1220 1933 226 705 813 576 2786 4880 4752 2778
Outside 816 986 1016 -20.15 121.86 1230 1949 226 706 813 576 2786 4870 4752 2706
Outside 965 978 1017 -20.16 121.78 867 1484 262 700 813 576 2787 4542 4432 2199
Outside 966 979 1017 -20.16 121.79 918 1535 251 701 813 576 2787 4589 4473 2308
Outside 967 980 1017 -20.16 121.8 928 1529 244 701 813 576 2787 4636 4523 2290
Outside 968 981 1017 -20.16 121.81 892 1479 247 702 813 576 2787 4647 4523 2254
Outside 969 982 1017 -20.16 121.82 1025 1630 227 703 813 576 2787 4664 4553 2471
Outside 970 983 1017 -20.16 121.83 1040 1641 223 703 813 576 2787 4675 4563 2489
Outside 971 984 1017 -20.16 121.84 1071 1675 219 704 813 576 2786 4694 4583 2561
Outside 972 985 1017 -20.16 121.85 1194 1888 225 705 813 576 2786 4833 4711 2742
Outside 973 986 1017 -20.16 121.86 1184 1899 231 705 813 576 2786 4833 4711 2688
Outside 1122 978 1018 -20.17 121.78 877 1507 264 700 813 576 2787 4533 4402 2199
Outside 1123 979 1018 -20.17 121.79 913 1535 254 700 813 576 2787 4608 4483 2290
Outside 1124 980 1018 -20.17 121.8 928 1535 246 701 813 576 2787 4628 4513 2326
Outside 1125 981 1018 -20.17 121.81 969 1568 236 702 813 576 2787 4647 4533 2398
Outside 1126 982 1018 -20.17 121.82 1046 1619 215 702 813 576 2787 4617 4533 2507
Outside 1127 983 1018 -20.17 121.83 1122 1753 219 703 813 576 2787 4711 4613 2615
Outside 1128 984 1018 -20.17 121.84 1127 1787 226 704 813 576 2787 4767 4663 2597
Outside 1129 985 1018 -20.17 121.85 1102 1759 229 705 813 576 2787 4758 4642 2615
Outside 1130 986 1018 -20.17 121.86 1220 1938 227 705 813 576 2787 4814 4702 2778
Outside 1279 978 1019 -20.18 121.78 928 1552 251 700 813 576 2787 4589 4453 2272
Outside 1280 979 1019 -20.18 121.79 913 1535 254 700 813 576 2787 4608 4483 2254
Outside 1281 980 1019 -20.18 121.8 882 1490 256 701 813 576 2787 4617 4483 2235
Outside 1282 981 1019 -20.18 121.81 959 1524 227 702 813 576 2787 4600 4483 2362
Outside 1283 982 1019 -20.18 121.82 969 1524 222 702 813 576 2787 4570 4463 2308
Outside 1284 983 1019 -20.18 121.83 1020 1602 221 703 813 576 2787 4589 4473 2452
Outside 1285 984 1019 -20.18 121.84 1133 1804 228 704 813 576 2787 4703 4603 2651
Outside 1286 985 1019 -20.18 121.85 1194 1927 234 704 813 576 2787 4814 4692 2724
Outside 1287 986 1019 -20.18 121.86 1230 1966 230 705 813 576 2787 4833 4711 2742
Outside 1436 978 1020 -20.19 121.78 994 1596 232 699 813 576 2787 4656 4533 2380
Outside 1437 979 1020 -20.19 121.79 994 1568 223 700 813 576 2787 4636 4513 2344
Outside 1438 980 1020 -20.19 121.8 959 1535 231 701 813 576 2787 4647 4523 2308
Outside 1439 981 1020 -20.19 121.81 948 1512 229 701 813 576 2787 4600 4483 2326
Outside 1440 982 1020 -20.19 121.82 948 1490 222 702 813 576 2787 4570 4453 2290
Outside 1441 983 1020 -20.19 121.83 974 1518 218 703 813 576 2787 4589 4463 2290
Outside 1442 984 1020 -20.19 121.84 984 1552 223 704 813 576 2787 4589 4473 2398
Outside 1443 985 1020 -20.19 121.85 1127 1793 227 704 813 576 2787 4703 4603 2688
Outside 1444 986 1020 -20.19 121.86 1245 1966 224 705 813 576 2787 4824 4711 2778
BURNT MIXED OUTSIDE
 






















Qo Qo g g Q1 Q1
? 0.015 0.005 0.250 0.235
0.044 0.034 0.085 0.072
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.620 51.700 1.038 0.05 9.017 15.951 10.51 17.31
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.620 51.700 1.038 0.05 9.247 16.162 10.76 17.53
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.621 51.602 1.039 0.05 8.777 15.461 10.25 16.8
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.622 51.504 1.041 0.05 8.823 15.950 10.3 17.31
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 9.246 16.814 10.76 18.21
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 9.393 17.188 10.92 18.6
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.625 51.308 1.043 0.05 9.531 17.025 11.07 18.43
19.4 32.4 0.38 2.24 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.626 51.217 1.044 0.05 9.715 17.025 11.27 18.43
19.4 32.4 0.38 2.24 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.626 51.217 1.044 0.05 9.531 16.651 11.07 18.04
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.620 51.700 1.038 0.05 7.177 13.157 8.51 14.4
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.620 51.700 1.038 0.05 8.492 15.039 9.94 16.36
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.621 51.602 1.039 0.05 8.354 15.355 9.79 16.69
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.622 51.504 1.041 0.05 8.216 14.981 9.64 16.3
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.622 51.504 1.041 0.05 7.931 14.606 9.33 15.91
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 9.108 16.113 10.61 17.48
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.625 51.308 1.043 0.05 8.915 16.219 10.4 17.59
19.4 32.4 0.38 2.24 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.626 51.211 1.044 0.05 9.016 16.055 10.51 17.42
19.4 32.4 0.38 2.24 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.626 51.211 1.044 0.05 8.915 15.575 10.4 16.92
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.618 51.798 1.037 0.05 7.223 13.042 8.56 14.28
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.620 51.700 1.038 0.05 7.131 12.994 8.46 14.23
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.621 51.602 1.039 0.05 7.324 13.474 8.67 14.73
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.622 51.504 1.041 0.05 7.839 14.337 9.23 15.63
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.622 51.504 1.041 0.05 7.176 13.157 8.51 14.4
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 7.885 13.905 9.28 15.18
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.625 51.308 1.043 0.05 8.593 14.980 10.05 16.3
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.625 51.308 1.043 0.05 8.547 14.712 10 16.02
19.4 32.4 0.38 2.24 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.626 51.211 1.044 0.05 8.446 14.548 9.89 15.85
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.618 51.798 1.037 0.05 7.085 12.504 8.41 13.72
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.620 51.700 1.038 0.05 7.370 12.831 8.72 14.06
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.621 51.602 1.039 0.05 7.269 12.994 8.61 14.23
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.621 51.602 1.039 0.05 7.131 13.157 8.46 14.4
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.622 51.504 1.041 0.05 7.692 13.800 9.07 15.07
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 7.747 13.742 9.13 15.01
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 8.069 14.232 9.48 15.52
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.625 51.308 1.043 0.05 8.023 14.280 9.43 15.57
19.4 32.4 0.38 2.24 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.626 51.211 1.044 0.05 7.792 14.011 9.18 15.29
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.618 51.798 1.037 0.05 7.177 12.188 8.51 13.39
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.620 51.700 1.038 0.05 7.416 12.562 8.77 13.78
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.621 51.602 1.039 0.05 7.554 12.994 8.92 14.23
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.621 51.602 1.039 0.05 7.839 13.800 9.23 15.07
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.622 51.504 1.041 0.05 8.639 14.549 10.1 15.85
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 8.777 14.923 10.25 16.24
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 9.292 15.729 10.81 17.08
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.625 51.308 1.043 0.05 9.669 16.430 11.22 17.81
19.4 32.4 0.38 2.24 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.626 51.211 1.044 0.05 9.246 15.844 10.76 17.2
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.619 51.791 1.037 0.05 7.324 13.205 8.67 14.45
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.620 51.693 1.038 0.05 7.370 12.994 8.72 14.23
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.620 51.693 1.038 0.05 7.508 13.099 8.87 14.34
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.621 51.602 1.039 0.05 7.839 13.637 9.23 14.9
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.622 51.504 1.041 0.05 7.839 13.637 9.23 14.9
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.622 51.504 1.041 0.05 10.571 17.505 12.2 18.93
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 10.709 17.889 12.35 19.33
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.625 51.308 1.043 0.05 10.571 17.889 12.2 19.33
19.4 32.4 0.38 2.24 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.626 51.211 1.044 0.05 10.663 18.043 12.3 19.49
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.619 51.791 1.037 0.05 7.324 13.580 8.67 14.84
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.620 51.693 1.038 0.05 7.793 14.069 9.18 15.35
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.620 51.693 1.038 0.05 7.885 14.011 9.28 15.29
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.621 51.595 1.039 0.05 7.554 13.531 8.92 14.79
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.623 51.497 1.041 0.05 8.777 14.981 10.25 16.3
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.623 51.497 1.041 0.05 8.915 15.086 10.4 16.41
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.624 51.406 1.042 0.05 9.200 15.412 10.71 16.75
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.625 51.308 1.043 0.05 10.332 17.457 11.94 18.88
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.955 0.625 51.308 1.043 0.05 10.240 17.563 11.84 18.99
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.619 51.791 1.037 0.05 7.416 13.800 8.77 15.07
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.619 51.791 1.037 0.05 7.747 14.069 9.13 15.35
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.620 51.693 1.038 0.05 7.885 14.069 9.28 15.35
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.621 51.595 1.039 0.05 8.262 14.386 9.69 15.68
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.621 51.595 1.039 0.05 8.971 14.875 10.46 16.19
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.623 51.497 1.041 0.05 9.670 16.161 11.22 17.53
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.624 51.399 1.042 0.05 9.715 16.488 11.27 17.87
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.625 51.302 1.043 0.05 9.485 16.219 11.02 17.59
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.625 51.302 1.043 0.05 10.571 17.937 12.2 19.38
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.619 51.791 1.037 0.05 7.885 14.232 9.28 15.52
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.619 51.791 1.037 0.05 7.747 14.069 9.13 15.35
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.620 51.693 1.038 0.05 7.462 13.637 8.82 14.9
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.621 51.595 1.039 0.05 8.170 13.963 9.59 15.24
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.621 51.595 1.039 0.05 8.262 13.963 9.69 15.24
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.623 51.497 1.041 0.05 8.731 14.712 10.2 16.02
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.624 51.399 1.042 0.05 9.771 16.651 11.33 18.04
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.624 51.399 1.042 0.05 10.332 17.832 11.94 19.27
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.625 51.302 1.043 0.05 10.663 18.206 12.3 19.66
20.1 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.617 51.889 1.036 0.05 8.493 14.655 9.94 15.96
20.0 32.4 0.39 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.619 51.791 1.037 0.05 8.492 14.386 9.94 15.68
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.620 51.693 1.038 0.05 8.170 14.069 9.59 15.35
19.9 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.620 51.693 1.038 0.05 8.069 13.848 9.48 15.12
19.8 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.621 51.595 1.039 0.05 8.069 13.637 9.48 14.9
19.7 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.623 51.497 1.041 0.05 8.308 13.905 9.74 15.18
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.624 51.399 1.042 0.05 8.400 14.232 9.84 15.52
19.6 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.624 51.399 1.042 0.05 9.715 16.545 11.27 17.93
19.5 32.4 0.38 2.25 0.013 0.005 0.206 0.200 0.018 0.018 -0.954 0.625 51.302 1.043 0.05 10.801 18.206 12.45 19.66
 



































reflectance NDVI Sat E Sat A Sun E Sun A BT4 BT5
Ch 3A 
reflectance
ID X Y Lat Lon B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
Outside 1 826 1199 184 626 817 581 2819 4520 4377 1783
Outside 2 928 1339 181 627 817 581 2819 4597 4448 1856
Outside 3 913 1305 176 627 817 581 2819 4597 4438 1820
Outside 4 877 1244 172 628 817 581 2819 4530 4367 1765
Outside 5 831 1188 176 629 817 581 2819 4511 4357 1711
Outside 6 805 1148 175 629 817 581 2819 4483 4347 1639
Outside 7 785 1109 171 630 817 580 2819 4426 4295 1639
Outside 8 795 1160 186 631 817 580 2819 4492 4367 1657



























Qo Qo g g Q1 Q1
? 0.015 0.005 0.250 0.235
0.044 0.034 0.085 0.072
27.4 31.9 0.52 2.30 0.013 0.005 0.205 0.199 0.018 0.018 -0.938 0.526 58.298 0.957 0.03 6.962 10.860 8.26 11.99
27.3 31.9 0.52 2.30 0.013 0.005 0.205 0.199 0.018 0.018 -0.938 0.527 58.200 0.958 0.03 7.901 12.204 9.28 13.39
27.3 31.9 0.52 2.30 0.013 0.005 0.205 0.199 0.018 0.018 -0.938 0.527 58.200 0.958 0.03 7.763 11.878 9.13 13.05
27.2 31.9 0.52 2.30 0.013 0.005 0.205 0.199 0.018 0.018 -0.938 0.528 58.103 0.959 0.03 7.431 11.292 8.77 12.44
27.1 31.9 0.51 2.30 0.013 0.005 0.205 0.199 0.018 0.018 -0.938 0.530 58.005 0.961 0.03 7.008 10.754 8.31 11.88
27.1 31.9 0.51 2.30 0.013 0.005 0.205 0.199 0.018 0.018 -0.938 0.530 58.005 0.961 0.03 6.769 10.370 8.05 11.48
27.0 32 0.51 2.30 0.013 0.005 0.205 0.199 0.018 0.018 -0.938 0.530 58.006 0.961 0.03 6.584 9.995 7.85 11.09
26.9 32 0.51 2.30 0.013 0.005 0.205 0.199 0.018 0.018 -0.938 0.531 57.908 0.962 0.03 6.676 10.484 7.95 11.6




















































reflectance NDVI Sat E Sat A Sun E Sun A BT4 BT5
ID X Y Lat Lon B1 B2 B3 B4 B5 B6 B7 B8 B9
Outside 1 1138 1781 220 654 2590 509 2798 4157 4041
Outside 2 1138 1748 211 653 2590 508 2798 4166 4051
Outside 3 1143 1759 212 652 2590 508 2798 4186 4072
Outside 4 1153 1787 215 652 2590 508 2798 4176 4061
Outside 5 1076 1753 239 651 2590 508 2798 4069 3958
Outside 6 1076 1748 237 650 2590 508 2798 4089 3967
Outside 7 1051 1708 238 650 2590 508 2798 4079 3958
Outside 8 1061 1692 229 649 2590 508 2797 4099 3979






















ch 1 ch 2
Qo Qo g g Q1 Q1
? 0.015 0.005 0.250 0.235
0.044 0.034 0.085 0.072
24.6 39.1 0.47 2.39 0.013 0.005 0.204 0.198 0.018 0.018 0.935 0.951 18.004 1.428 0.64 9.792 16.407
24.7 39.2 0.47 2.39 0.013 0.005 0.204 0.198 0.018 0.018 0.935 0.951 18.023 1.428 0.64 9.791 16.089
24.8 39.2 0.47 2.39 0.013 0.005 0.204 0.198 0.018 0.018 0.935 0.951 17.954 1.429 0.64 9.837 16.195
24.8 39.2 0.47 2.39 0.013 0.005 0.204 0.198 0.018 0.018 0.935 0.951 17.954 1.429 0.64 9.929 16.464
24.9 39.2 0.48 2.39 0.013 0.005 0.204 0.198 0.018 0.018 0.935 0.952 17.885 1.429 0.65 9.221 16.138
25.0 39.2 0.48 2.39 0.013 0.005 0.204 0.198 0.018 0.018 0.935 0.952 17.817 1.430 0.65 9.221 16.090
25.0 39.2 0.48 2.39 0.013 0.005 0.204 0.198 0.018 0.018 0.935 0.952 17.817 1.430 0.65 8.991 15.706
25.1 39.2 0.48 2.39 0.013 0.005 0.204 0.198 0.018 0.018 0.935 0.953 17.718 1.431 0.66 9.084 15.553




















































reflectance NDVI Sat E Sat A Sun E Sun A BT4 BT5
ID X Y Lat Lon B1 B2 B3 B4 B5 B6 B7 B8 B9
Outside 1 979 952 -19.51 121.79 892 1428 231 711 813 577 2776 4722 4583
Outside 2 980 952 -19.51 121.8 897 1434 230 712 813 577 2776 4703 4573
Outside 3 981 952 -19.51 121.81 774 1328 263 712 813 577 2776 4524 4392
Outside 4 982 952 -19.51 121.82 759 1311 266 713 813 577 2776 4524 4382
Outside 5 983 952 -19.51 121.83 831 1328 230 714 813 576 2776 4600 4453
Outside 6 984 952 -19.51 121.84 928 1417 208 715 813 576 2776 4703 4563
Outside 7 985 952 -19.51 121.85 913 1462 231 715 812 576 2776 4647 4503
Outside 8 986 952 -19.51 121.86 954 1529 231 716 812 576 2776 4675 4533






















ch 1 ch 2
Qo Qo g g Q1 Q1
? 0.015 0.005 0.250 0.235
0.044 0.034 0.085 0.072
18.9 32.3 0.37 2.24 0.013 0.005 0.207 0.200 0.019 0.018 -0.960 0.634 50.687 1.051 0.05 7.553 13.041
18.8 32.3 0.36 2.24 0.013 0.005 0.207 0.200 0.019 0.018 -0.960 0.635 50.589 1.052 0.05 7.599 13.098
18.8 32.3 0.36 2.24 0.013 0.005 0.207 0.200 0.019 0.018 -0.960 0.635 50.589 1.052 0.05 6.467 12.080
18.7 32.3 0.36 2.24 0.013 0.005 0.207 0.200 0.019 0.018 -0.960 0.636 50.490 1.054 0.05 6.329 11.917
18.6 32.4 0.36 2.24 0.013 0.005 0.207 0.200 0.019 0.018 -0.960 0.636 50.492 1.054 0.05 6.991 12.080
18.5 32.4 0.36 2.24 0.013 0.005 0.207 0.200 0.019 0.018 -0.960 0.638 50.394 1.055 0.05 7.883 12.934
18.5 32.4 0.36 2.24 0.013 0.005 0.207 0.200 0.019 0.018 -0.959 0.638 50.387 1.055 0.05 7.745 13.366
18.4 32.4 0.36 2.24 0.013 0.005 0.207 0.200 0.019 0.018 -0.959 0.639 50.289 1.056 0.05 8.122 14.009


















  - 266 - Solar - October 26 
Case Study 1 - Great Sandy Desert 
 






































B1 B2 B10 B4 B6
1 956 1011 -20.1 121.56 11.22 18.77 26.69 68.6 21.4 0.931 57.8 32.2 0.846 12.05 20.16 28.67 13.26 22.18 31.54
2 957 1011 -20.1 121.57 10.87 18.54 25.43 68.6 21.4 0.931 57.8 32.2 0.846 11.67 19.91 27.31 12.85 21.91 30.05
3 958 1011 -20.1 121.58 9.74 17.37 23.62 68.7 21.3 0.932 57.8 32.2 0.846 10.45 18.64 25.35 11.51 20.53 27.91
4 959 1011 -20.1 121.59 9.23 16.36 23.26 68.8 21.2 0.932 57.8 32.2 0.846 9.90 17.55 24.95 10.91 19.33 27.49
5 960 1011 -20.1 121.6 10.71 18.21 26.51 68.8 21.2 0.932 57.8 32.2 0.846 11.49 19.53 28.43 12.66 21.52 31.33
6 961 1011 -20.1 121.61 12.4 20.39 28.14 68.9 21.1 0.933 57.8 32.2 0.846 13.29 21.86 30.16 14.65 24.10 33.25
7 962 1011 -20.1 121.62 13.01 21.23 29.05 69 21.0 0.934 57.8 32.2 0.846 13.94 22.74 31.12 15.37 25.09 34.33
8 963 1011 -20.1 121.63 13.01 21.17 28.68 69 21.0 0.934 57.8 32.2 0.846 13.94 22.68 30.72 15.37 25.02 33.89
9 964 1011 -20.1 121.64 12.4 20.67 28.14 69.1 20.9 0.934 57.8 32.2 0.846 13.27 22.13 30.12 14.65 24.43 33.25
10 965 1011 -20.1 121.65 12.61 21.17 28.68 69.2 20.8 0.935 57.8 32.2 0.846 13.49 22.65 30.68 14.90 25.02 33.89
11 966 1011 -20.1 121.66 13.07 21.68 29.05 69.2 20.8 0.935 57.8 32.2 0.846 13.98 23.19 31.08 15.45 25.62 34.33
12 967 1011 -20.1 121.67 13.37 22.01 29.23 69.3 20.7 0.935 57.7 32.3 0.845 14.29 23.53 31.25 15.82 26.04 34.58
13 968 1011 -20.1 121.68 12.86 21.06 29.23 69.4 20.6 0.936 57.7 32.3 0.845 13.74 22.50 31.23 15.21 24.92 34.58
14 969 1011 -20.1 121.69 13.01 21.29 29.05 69.5 20.5 0.937 57.7 32.3 0.845 13.89 22.73 31.01 15.39 25.19 34.37
15 970 1011 -20.1 121.7 11.99 19.66 27.24 69.5 20.5 0.937 57.7 32.3 0.845 12.80 20.99 29.08 14.18 23.26 32.23
16 971 1011 -20.1 121.71 11.63 18.99 26.33 69.6 20.4 0.937 57.7 32.3 0.845 12.41 20.26 28.09 13.76 22.47 31.15
17 972 1011 -20.1 121.72 11.58 18.93 26.33 69.7 20.3 0.938 57.7 32.3 0.845 12.35 20.18 28.07 13.70 22.40 31.15
18 973 1011 -20.1 121.73 11.58 18.65 25.25 69.7 20.3 0.938 57.7 32.3 0.845 12.35 19.89 26.92 13.70 22.06 29.87
19 974 1011 -20.1 121.74 10.71 17.76 23.26 69.8 20.2 0.938 57.7 32.3 0.845 11.41 18.92 24.78 12.67 21.01 27.52
20 975 1011 -20.1 121.75 11.02 17.76 24.52 69.9 20.1 0.939 57.7 32.3 0.845 11.73 18.91 26.11 13.04 21.01 29.01
21 976 1011 -20.1 121.76 9.94 16.47 22.72 69.9 20.1 0.939 57.7 32.3 0.845 10.58 17.54 24.19 11.76 19.49 26.88
22 977 1011 -20.1 121.77 9.02 15.46 22.9 70 20.0 0.940 57.7 32.3 0.845 9.60 16.45 24.37 10.67 18.29 27.09
23 978 1011 -20.1 121.78 10.51 17.31 24.89 70.1 19.9 0.940 57.6 32.4 0.844 11.18 18.41 26.47 12.45 20.50 29.48
24 979 1011 -20.1 121.79 10.76 17.53 24.71 70.1 19.9 0.940 57.6 32.4 0.844 11.44 18.64 26.28 12.74 20.76 29.27
25 980 1011 -20.1 121.8 10.25 16.8 24.89 70.2 19.8 0.941 57.6 32.4 0.844 10.89 17.86 26.45 12.14 19.90 29.48
26 981 1011 -20.1 121.81 10.3 17.31 24.71 70.3 19.7 0.941 57.6 32.4 0.844 10.94 18.39 26.25 12.20 20.50 29.27
27 982 1011 -20.1 121.82 10.76 18.21 25.43 70.4 19.6 0.942 57.6 32.4 0.844 11.42 19.33 26.99 12.74 21.57 30.12
28 983 1011 -20.1 121.83 10.92 18.6 25.43 70.4 19.6 0.942 57.6 32.4 0.844 11.59 19.74 26.99 12.93 22.03 30.12
29 984 1011 -20.1 121.84 11.07 18.43 26.51 70.5 19.5 0.943 57.6 32.4 0.844 11.74 19.55 28.12 13.11 21.83 31.40
30 985 1011 -20.1 121.85 11.27 18.43 26.51 70.6 19.4 0.943 57.6 32.4 0.844 11.95 19.54 28.11 13.35 21.83 31.40
31 986 1011 -20.1 121.86 11.07 18.04 26.33 70.6 19.4 0.943 57.6 32.4 0.844 11.74 19.13 27.91 13.11 21.37 31.18
32 987 1011 -20.1 121.87 10.76 17.25 26.15 70.7 19.3 0.944 57.6 32.4 0.844 11.40 18.28 27.71 12.74 20.43 30.97
33 988 1011 -20.1 121.88 10.76 17.03 26.88 70.8 19.2 0.944 57.6 32.4 0.844 11.39 18.03 28.46 12.74 20.17 31.84
34 989 1011 -20.1 121.89 12.81 19.72 28.14 70.8 19.2 0.944 57.5 32.5 0.843 13.56 20.88 29.80 15.19 23.38 33.37
35 990 1011 -20.1 121.9 11.58 17.76 25.79 70.9 19.1 0.945 57.5 32.5 0.843 12.25 18.79 27.29 13.73 21.06 30.58
36 991 1011 -20.1 121.91 10.87 16.69 25.25 71 19.0 0.946 57.5 32.5 0.843 11.50 17.65 26.70 12.89 19.79 29.94
37 992 1011 -20.1 121.92 11.63 17.98 26.33 71.1 18.9 0.946 57.5 32.5 0.843 12.29 19.00 27.83 13.79 21.32 31.22
38 993 1011 -20.1 121.93 11.68 18.09 26.15 71.1 18.9 0.946 57.5 32.5 0.843 12.35 19.12 27.64 13.85 21.45 31.01
39 994 1011 -20.1 121.94 11.22 17.37 25.79 71.2 18.8 0.947 57.5 32.5 0.843 11.85 18.35 27.24 13.30 20.60 30.58
40 995 1011 -20.1 121.95 11.12 17.37 25.79 71.3 18.7 0.947 57.5 32.5 0.843 11.74 18.34 27.23 13.18 20.60 30.58
41 996 1011 -20.1 121.96 11.63 18.93 26.69 71.3 18.7 0.947 57.5 32.5 0.843 12.28 19.99 28.18 13.79 22.45 31.65
42 997 1011 -20.1 121.97 12.4 20.17 27.42 71.4 18.6 0.948 57.5 32.5 0.843 13.08 21.28 28.93 14.70 23.92 32.51
43 998 1011 -20.1 121.98 12.4 20.05 28.14 71.5 18.5 0.948 57.5 32.5 0.843 13.08 21.14 29.67 14.70 23.77 33.37
44 999 1011 -20.1 121.99 13.07 20.73 29.59 71.5 18.5 0.948 57.5 32.5 0.843 13.78 21.86 31.20 15.50 24.58 35.08
45 1000 1011 -20.1 122 13.53 21.17 30.49 71.6 18.4 0.949 57.4 32.6 0.842 14.26 22.31 32.13 16.06 25.13 36.19
46 1001 1011 -20.1 122.01 13.53 21.01 29.95 71.7 18.3 0.949 57.4 32.6 0.842 14.25 22.13 31.55 16.06 24.94 35.55
47 1002 1011 -20.1 122.02 13.01 20.05 29.23 71.8 18.2 0.950 57.4 32.6 0.842 13.70 21.11 30.77 15.44 23.80 34.70
48 1003 1011 -20.1 122.03 12.61 19.44 29.05 71.8 18.2 0.950 57.4 32.6 0.842 13.27 20.46 30.58 14.97 23.08 34.48
49 1004 1011 -20.1 122.04 12.61 19.16 29.23 71.9 18.1 0.951 57.4 32.6 0.842 13.27 20.16 30.75 14.97 22.74 34.70
50 1005 1011 -20.1 122.05 12.86 19.77 29.41 72 18.0 0.951 57.4 32.6 0.842 13.52 20.79 30.92 15.26 23.47 34.91
51 1006 1011 -20.1 122.06 12.4 19.21 28.32 72 18.0 0.951 57.4 32.6 0.842 13.04 20.20 29.78 14.72 22.80 33.62
52 1007 1011 -20.1 122.07 11.89 18.43 27.6 72.1 17.9 0.952 57.4 32.6 0.842 12.49 19.37 29.00 14.11 21.88 32.76
53 1008 1011 -20.1 122.08 12.3 18.71 28.32 72.2 17.8 0.952 57.4 32.6 0.842 12.92 19.65 29.74 14.60 22.21 33.62
54 1009 1011 -20.1 122.09 12.61 19.05 28.5 72.3 17.7 0.953 57.4 32.6 0.842 13.24 20.00 29.92 14.97 22.61 33.83
55 1010 1011 -20.1 122.1 11.33 17.31 27.06 72.3 17.7 0.953 57.4 32.6 0.842 11.89 18.17 28.40 13.45 20.55 32.12
56 1011 1011 -20.1 122.11 11.53 17.76 27.96 72.4 17.6 0.953 57.3 32.7 0.842 12.10 18.63 29.33 13.70 21.10 33.23
57 1012 1011 -20.1 122.12 12.14 18.6 28.68 72.5 17.5 0.954 57.3 32.7 0.842 12.73 19.50 30.07 14.43 22.10 34.08
58 1013 1011 -20.1 122.13 12.81 19.72 30.67 72.5 17.5 0.954 57.3 32.7 0.842 13.43 20.68 32.16 15.22 23.43 36.45
59 1014 1011 -20.1 122.14 14.14 21.9 31.94 72.6 17.4 0.954 57.3 32.7 0.842 14.82 22.95 33.47 16.80 26.02 37.96
60 1015 1011 -20.1 122.15 13.73 21.62 30.31 72.7 17.3 0.955 57.3 32.7 0.842 14.38 22.64 31.75 16.32 25.69 36.02
61 1016 1011 -20.1 122.16 12.66 20.33 27.96 72.8 17.2 0.955 57.3 32.7 0.842 13.25 21.28 29.27 15.04 24.16 33.23
62 1017 1011 -20.1 122.17 11.33 18.93 26.51 72.8 17.2 0.955 57.3 32.7 0.842 11.86 19.82 27.75 13.46 22.50 31.50
63 1018 1011 -20.1 122.18 11.63 19.21 26.69 72.9 17.1 0.956 57.3 32.7 0.842 12.17 20.10 27.92 13.82 22.83 31.72
64 1019 1011 -20.1 122.19 11.53 18.93 26.33 73 17.0 0.956 57.3 32.7 0.842 12.06 19.79 27.53 13.70 22.50 31.29
65 1020 1011 -20.1 122.2 10.87 17.76 25.25 73 17.0 0.956 57.3 32.7 0.842 11.37 18.57 26.40 12.92 21.10 30.01
66 1021 1011 -20.1 122.21 10.46 17.2 24.16 73.1 16.9 0.957 57.2 32.8 0.841 10.93 17.98 25.25 12.44 20.46 28.74
67 1022 1011 -20.1 122.22 9.94 16.41 23.44 73.2 16.8 0.957 57.2 32.8 0.841 10.38 17.14 24.49 11.83 19.52 27.89
68 1023 1011 -20.1 122.23 9.84 15.74 23.44 73.3 16.7 0.958 57.2 32.8 0.841 10.27 16.43 24.47 11.71 18.73 27.89
69 1024 1011 -20.1 122.24 9.69 15.74 23.44 73.3 16.7 0.958 57.2 32.8 0.841 10.12 16.43 24.47 11.53 18.73 27.89
70 1025 1011 -20.1 122.25 9.94 16.19 23.98 73.4 16.6 0.958 57.2 32.8 0.841 10.37 16.89 25.02 11.83 19.26 28.53
71 1026 1011 -20.1 122.26 10.51 17.14 24.52 73.5 16.5 0.959 57.2 32.8 0.841 10.96 17.88 25.57 12.50 20.39 29.17
72 1027 1011 -20.1 122.27 10.35 16.8 23.62 73.5 16.5 0.959 57.2 32.8 0.841 10.79 17.52 24.63 12.31 19.99 28.10
73 1028 1011 -20.1 122.28 9.48 15.74 22.9 73.6 16.4 0.959 57.2 32.8 0.841 9.88 16.41 23.87 11.28 18.73 27.24
74 1029 1011 -20.1 122.29 10.15 16.47 24.52 73.7 16.3 0.960 57.2 32.8 0.841 10.58 17.16 25.55 12.08 19.59 29.17
75 1030 1011 -20.1 122.3 12.04 18.88 29.05 73.8 16.2 0.960 57.2 32.8 0.841 12.54 19.66 30.25 14.32 22.46 34.56
76 1031 1011 -20.1 122.31 12.2 19.05 28.68 73.8 16.2 0.960 57.2 32.8 0.841 12.70 19.84 29.87 14.51 22.66 34.12
77 1032 1011 -20.1 122.32 12.96 20.56 29.23 73.9 16.1 0.961 57.1 32.9 0.840 13.49 21.40 30.42 15.44 24.49 34.81
78 1033 1011 -20.1 122.33 12.5 20.39 28.68 74 16.0 0.961 57.1 32.9 0.840 13.00 21.21 29.84 14.89 24.28 34.16
79 1034 1011 -20.1 122.34 12.91 20.95 29.77 74 16.0 0.961 57.1 32.9 0.840 13.43 21.79 30.97 15.38 24.95 35.46
80 1035 1011 -20.1 122.35 13.32 21.06 29.95 74.1 15.9 0.962 57.1 32.9 0.840 13.85 21.90 31.14 15.86 25.08 35.67
81 1036 1011 -20.1 122.36 12.14 19.61 28.5 74.2 15.8 0.962 57.1 32.9 0.840 12.62 20.38 29.62 14.46 23.36 33.94
82 1037 1011 -20.1 122.37 11.68 18.93 27.96 74.3 15.7 0.963 57.1 32.9 0.840 12.13 19.66 29.04 13.91 22.55 33.30
83 1038 1011 -20.1 122.38 12.2 19.38 27.78 74.3 15.7 0.963 57.1 32.9 0.840 12.67 20.13 28.86 14.53 23.08 33.09
84 1039 1011 -20.1 122.39 10.92 17.65 26.15 74.4 15.6 0.963 57.1 32.9 0.840 11.34 18.33 27.15 13.01 21.02 31.15
85 1040 1011 -20.1 122.4 11.02 18.04 26.33 74.5 15.5 0.964 57.1 32.9 0.840 11.44 18.72 27.32 13.12 21.49 31.36
86 1041 1011 -20.1 122.41 11.53 18.93 27.06 74.6 15.4 0.964 57.1 32.9 0.840 11.96 19.63 28.07 13.73 22.55 32.23
87 1042 1011 -20.1 122.42 11.63 18.65 27.24 74.6 15.4 0.964 57.1 32.9 0.840 12.06 19.34 28.25 13.85 22.21 32.44
88 1043 1011 -20.1 122.43 11.74 18.65 27.78 74.7 15.3 0.965 57 33 0.839 12.17 19.34 28.80 14.00 22.24 33.12
89 1044 1011 -20.1 122.44 12.66 19.83 29.05 74.8 15.2 0.965 57 33 0.839 13.12 20.55 30.10 15.10 23.64 34.64
90 1045 1011 -20.1 122.45 12.55 19.72 29.05 74.8 15.2 0.965 57 33 0.839 13.00 20.43 30.10 14.96 23.51 34.64
91 1046 1011 -20.1 122.46 13.12 20.84 29.59 74.9 15.1 0.965 57 33 0.839 13.59 21.59 30.65 15.64 24.85 35.28
92 1047 1011 -20.1 122.47 12.55 20.11 27.78 75 15.0 0.966 57 33 0.839 12.99 20.82 28.76 14.96 23.98 33.12
93 1048 1011 -20.1 122.48 11.63 18.6 26.15 75.1 14.9 0.966 57 33 0.839 12.03 19.25 27.06 13.87 22.18 31.18
94 1049 1011 -20.1 122.49 10.81 17.37 25.61 75.1 14.9 0.966 57 33 0.839 11.19 17.97 26.50 12.89 20.71 30.54
95 1050 1011 -20.1 122.5 12.04 19.38 28.32 75.2 14.8 0.967 57 33 0.839 12.45 20.05 29.29 14.36 23.11 33.77
96 1051 1011 -20.1 122.51 13.22 21.23 30.31 75.3 14.7 0.967 57 33 0.839 13.67 21.95 31.34 15.76 25.31 36.14
97 1052 1011 -20.1 122.52 13.22 21.4 30.31 75.4 14.6 0.968 57 33 0.839 13.66 22.11 31.32 15.76 25.52 36.14
98 1053 1011 -20.1 122.53 14.29 22.97 31.4 75.4 14.6 0.968 57 33 0.839 14.77 23.74 32.45 17.04 27.39 37.44 
 
  - 267 - 99 1054 1011 -20.1 122.54 13.42 21.62 29.59 75.5 14.5 0.968 56.9 33.1 0.838 13.86 22.33 30.56 16.02 25.81 35.32
100 1055 1011 -20.1 122.55 12.86 20.78 29.77 75.6 14.4 0.969 56.9 33.1 0.838 13.28 21.45 30.74 15.35 24.81 35.54
101 1056 1011 -20.1 122.56 13.94 22.57 31.76 75.6 14.4 0.969 56.9 33.1 0.838 14.39 23.30 32.79 16.64 26.94 37.91
102 1057 1011 -20.1 122.57 14.55 23.41 32.48 75.7 14.3 0.969 56.9 33.1 0.838 15.02 24.16 33.52 17.37 27.94 38.77
103 1058 1011 -20.1 122.58 13.63 21.73 30.49 75.8 14.2 0.969 56.9 33.1 0.838 14.06 22.41 31.45 16.27 25.94 36.40
104 1059 1011 -20.1 122.59 13.78 22.29 30.67 75.9 14.1 0.970 56.9 33.1 0.838 14.21 22.98 31.62 16.45 26.61 36.61
105 1060 1011 -20.1 122.6 13.78 22.29 31.4 75.9 14.1 0.970 56.9 33.1 0.838 14.21 22.98 32.38 16.45 26.61 37.48
106 1061 1011 -20.1 122.61 14.34 23.08 32.84 76 14.0 0.970 56.9 33.1 0.838 14.78 23.79 33.85 17.12 27.55 39.20
107 1062 1011 -20.1 122.62 14.86 23.86 33.75 76.1 13.9 0.971 56.9 33.1 0.838 15.31 24.58 34.77 17.74 28.48 40.29
108 1063 1011 -20.1 122.63 15.06 24.2 34.47 76.2 13.8 0.971 56.9 33.1 0.838 15.51 24.92 35.49 17.98 28.89 41.15
109 1064 1011 -20.1 122.64 15.27 24.37 34.11 76.2 13.8 0.971 56.9 33.1 0.838 15.72 25.09 35.12 18.23 29.09 40.72
110 1065 1011 -20.1 122.65 15.27 24.09 33.75 76.3 13.7 0.972 56.8 33.2 0.837 15.72 24.80 34.74 18.25 28.79 40.33
111 1066 1011 -20.1 122.66 14.91 24.03 33.39 76.4 13.6 0.972 56.8 33.2 0.837 15.34 24.72 34.35 17.82 28.72 39.90
112 1067 1011 -20.1 122.67 14.34 23.41 32.84 76.5 13.5 0.972 56.8 33.2 0.837 14.75 24.08 33.77 17.14 27.98 39.25
113 1068 1011 -20.1 122.68 14.86 23.69 32.84 76.5 13.5 0.972 56.8 33.2 0.837 15.28 24.36 33.77 17.76 28.31 39.25
114 1069 1011 -20.1 122.69 13.32 21.06 28.5 76.6 13.4 0.973 56.8 33.2 0.837 13.69 21.65 29.30 15.92 25.17 34.06
115 1070 1011 -20.1 122.7 11.99 19.1 26.51 76.7 13.3 0.973 56.8 33.2 0.837 12.32 19.63 27.24 14.33 22.83 31.68
116 1071 1011 -20.1 122.71 11.84 18.88 26.51 76.7 13.3 0.973 56.8 33.2 0.837 12.17 19.40 27.24 14.15 22.56 31.68
117 1072 1011 -20.1 122.72 11.58 18.54 26.33 76.8 13.2 0.974 56.8 33.2 0.837 11.89 19.04 27.04 13.84 22.16 31.47
118 1073 1011 -20.1 122.73 12.25 19.44 27.6 76.9 13.1 0.974 56.8 33.2 0.837 12.58 19.96 28.34 14.64 23.23 32.98
119 1074 1011 -20.1 122.74 11.79 19.16 26.69 77 13.0 0.974 56.8 33.2 0.837 12.10 19.66 27.39 14.09 22.90 31.90
120 1075 1011 -20.1 122.75 11.74 18.88 26.33 77 13.0 0.974 56.8 33.2 0.837 12.05 19.38 27.02 14.03 22.56 31.47
121 1076 1011 -20.1 122.76 11.27 18.26 25.25 77.1 12.9 0.975 56.7 33.3 0.836 11.56 18.73 25.90 13.48 21.85 30.21
122 1077 1011 -20.1 122.77 10.71 17.76 24.71 77.2 12.8 0.975 56.7 33.3 0.836 10.98 18.21 25.34 12.81 21.25 29.56
123 1078 1011 -20.1 122.78 11.27 18.99 26.51 77.3 12.7 0.976 56.7 33.3 0.836 11.55 19.47 27.17 13.48 22.72 31.72
124 1079 1011 -20.1 122.79 12.14 19.83 27.24 77.3 12.7 0.976 56.7 33.3 0.836 12.44 20.33 27.92 14.52 23.73 32.59
125 1080 1011 -20.1 122.8 12.71 20.22 27.96 77.4 12.6 0.976 56.7 33.3 0.836 13.02 20.72 28.65 15.21 24.19 33.45
126 1081 1011 -20.1 122.81 12.45 18.77 28.32 77.5 12.5 0.976 56.7 33.3 0.836 12.75 19.23 29.01 14.90 22.46 33.88
127 1082 1011 -20.1 122.82 12.81 18.21 29.41 77.6 12.4 0.977 56.7 33.3 0.836 13.12 18.64 30.11 15.33 21.79 35.19
128 1083 1011 -20.1 122.83 13.22 19.49 29.23 77.6 12.4 0.977 56.7 33.3 0.836 13.54 19.96 29.93 15.82 23.32 34.97
129 1084 1011 -20.1 122.84 13.22 21.4 29.77 77.7 12.3 0.977 56.7 33.3 0.836 13.53 21.90 30.47 15.82 25.60 35.62
130 1085 1011 -20.1 122.85 14.29 22.57 31.94 77.8 12.2 0.977 56.7 33.3 0.836 14.62 23.09 32.68 17.10 27.00 38.21
131 1086 1011 -20.1 122.86 14.45 23.19 30.85 77.9 12.1 0.978 56.7 33.3 0.836 14.78 23.72 31.55 17.29 27.75 36.91
132 1087 1011 -20.1 122.87 14.75 23.64 31.94 77.9 12.1 0.978 56.6 33.4 0.835 15.09 24.18 32.67 17.67 28.32 38.26
133 1088 1011 -20.1 122.88 15.32 24.42 32.66 78 12.0 0.978 56.6 33.4 0.835 15.66 24.97 33.39 18.35 29.25 39.12
134 1089 1011 -20.1 122.89 15.06 24.14 33.02 78.1 11.9 0.979 56.6 33.4 0.835 15.39 24.67 33.75 18.04 28.92 39.55
135 1090 1011 -20.1 122.9 15.52 24.76 33.57 78.1 11.9 0.979 56.6 33.4 0.835 15.86 25.30 34.31 18.59 29.66 40.21
136 1091 1011 -20.1 122.91 15.47 24.7 32.84 78.2 11.8 0.979 56.6 33.4 0.835 15.80 25.23 33.55 18.53 29.59 39.34
137 1092 1011 -20.1 122.92 14.6 23.58 31.76 78.3 11.7 0.979 56.6 33.4 0.835 14.91 24.08 32.43 17.49 28.24 38.04
138 1093 1011 -20.1 122.93 14.75 23.92 31.76 78.4 11.6 0.980 56.6 33.4 0.835 15.06 24.42 32.42 17.67 28.65 38.04
139 1094 1011 -20.1 122.94 14.45 23.58 31.22 78.4 11.6 0.980 56.6 33.4 0.835 14.75 24.07 31.87 17.31 28.24 37.40
140 1095 1011 -20.1 122.95 13.53 21.79 28.86 78.5 11.5 0.980 56.6 33.4 0.835 13.81 22.24 29.45 16.21 26.10 34.57
141 1096 1011 -20.1 122.96 11.89 18.82 26.69 78.6 11.4 0.980 56.6 33.4 0.835 12.13 19.20 27.23 14.24 22.54 31.97
142 1097 1011 -20.1 122.97 11.84 18.43 27.78 78.7 11.3 0.981 56.5 33.5 0.834 12.07 18.79 28.33 14.20 22.10 33.31
143 1098 1011 -20.1 122.98 13.17 20.33 30.49 78.7 11.3 0.981 56.5 33.5 0.834 13.43 20.73 31.09 15.79 24.38 36.56
144 1099 1011 -20.1 122.99 13.47 21.23 30.67 78.8 11.2 0.981 56.5 33.5 0.834 13.73 21.64 31.27 16.15 25.46 36.78
145 1100 1011 -20.1 123 14.55 23.08 32.3 78.9 11.1 0.981 56.5 33.5 0.834 14.83 23.52 32.92 17.45 27.68 38.73
146 1101 1011 -20.1 123.01 14.81 23.53 32.66 79 11.0 0.982 56.5 33.5 0.834 15.09 23.97 33.27 17.76 28.22 39.17
147 1102 1011 -20.1 123.02 14.91 23.75 33.2 79 11.0 0.982 56.5 33.5 0.834 15.19 24.19 33.82 17.88 28.48 39.81
148 1103 1011 -20.1 123.03 15.32 24.42 34.11 79.1 10.9 0.982 56.5 33.5 0.834 15.60 24.87 34.74 18.37 29.28 40.90
149 1104 1011 -20.1 123.04 14.75 23.47 32.48 79.2 10.8 0.982 56.5 33.5 0.834 15.02 23.89 33.07 17.69 28.15 38.95
150 1105 1011 -20.1 123.05 14.55 23.19 32.48 79.3 10.7 0.983 56.5 33.5 0.834 14.81 23.60 33.05 17.45 27.81 38.95
151 1106 1011 -20.1 123.06 13.94 22.35 30.13 79.3 10.7 0.983 56.5 33.5 0.834 14.19 22.75 30.66 16.72 26.80 36.13
152 1107 1011 -20.1 123.07 12.71 20.73 28.68 79.4 10.6 0.983 56.5 33.5 0.834 12.93 21.09 29.18 15.24 24.86 34.39
153 1108 1011 -20.1 123.08 11.53 19.38 26.33 79.5 10.5 0.983 56.4 33.6 0.833 11.73 19.71 26.78 13.84 23.27 31.61
154 1109 1011 -20.1 123.09 11.68 19.33 27.42 79.6 10.4 0.984 56.4 33.6 0.833 11.88 19.65 27.88 14.02 23.21 32.92
155 1110 1011 -20.1 123.1 12.86 20.78 29.59 79.6 10.4 0.984 56.4 33.6 0.833 13.07 21.13 30.08 15.44 24.95 35.53
156 1111 1011 -20.1 123.11 13.58 21.79 30.13 79.7 10.3 0.984 56.4 33.6 0.833 13.80 22.15 30.62 16.30 26.16 36.17
157 1112 1011 -20.1 123.12 13.37 21.45 29.05 79.8 10.2 0.984 56.4 33.6 0.833 13.58 21.79 29.52 16.05 25.75 34.88
158 956 1012 -20.11 121.56 11.94 19.49 27.42 68.5 21.5 0.930 57.8 32.2 0.846 12.83 20.95 29.47 14.11 23.03 32.40
159 957 1012 -20.11 121.57 12.35 20.28 27.6 68.6 21.4 0.931 57.8 32.2 0.846 13.26 21.78 29.64 14.59 23.97 32.62
160 958 1012 -20.11 121.58 11.48 19.44 25.25 68.7 21.3 0.932 57.8 32.2 0.846 12.32 20.87 27.10 13.57 22.97 29.84
161 959 1012 -20.11 121.59 9.69 16.97 23.8 68.7 21.3 0.932 57.8 32.2 0.846 10.40 18.21 25.54 11.45 20.05 28.13
162 960 1012 -20.11 121.6 10.71 18.21 26.51 68.8 21.2 0.932 57.8 32.2 0.846 11.49 19.53 28.43 12.66 21.52 31.33
163 961 1012 -20.11 121.61 13.01 21.51 28.86 68.9 21.1 0.933 57.8 32.2 0.846 13.94 23.06 30.93 15.37 25.42 34.11
164 962 1012 -20.11 121.62 13.27 21.85 29.41 69 21.0 0.934 57.8 32.2 0.846 14.21 23.40 31.50 15.68 25.82 34.76
165 963 1012 -20.11 121.63 13.37 21.73 29.59 69 21.0 0.934 57.8 32.2 0.846 14.32 23.28 31.70 15.80 25.68 34.97
166 964 1012 -20.11 121.64 13.32 21.62 29.41 69.1 20.9 0.934 57.8 32.2 0.846 14.26 23.14 31.48 15.74 25.55 34.76
167 965 1012 -20.11 121.65 12.71 21.34 29.05 69.2 20.8 0.935 57.8 32.2 0.846 13.60 22.83 31.08 15.02 25.22 34.33
168 966 1012 -20.11 121.66 12.81 21.23 29.23 69.2 20.8 0.935 57.8 32.2 0.846 13.70 22.71 31.27 15.14 25.09 34.54
169 967 1012 -20.11 121.67 12.96 21.45 29.23 69.3 20.7 0.935 57.7 32.3 0.845 13.85 22.93 31.25 15.33 25.38 34.58
170 968 1012 -20.11 121.68 13.07 21.62 29.59 69.4 20.6 0.936 57.7 32.3 0.845 13.96 23.10 31.61 15.46 25.58 35.01
171 969 1012 -20.11 121.69 12.86 21.23 28.86 69.4 20.6 0.936 57.7 32.3 0.845 13.74 22.68 30.83 15.21 25.12 34.14
172 970 1012 -20.11 121.7 12.09 20 27.42 69.5 20.5 0.937 57.7 32.3 0.845 12.91 21.35 29.27 14.30 23.66 32.44
173 971 1012 -20.11 121.71 11.79 19.66 26.33 69.6 20.4 0.937 57.7 32.3 0.845 12.58 20.98 28.09 13.95 23.26 31.15
174 972 1012 -20.11 121.72 11.12 19.16 25.25 69.6 20.4 0.937 57.7 32.3 0.845 11.86 20.44 26.94 13.16 22.67 29.87
175 973 1012 -20.11 121.73 10.71 18.65 25.07 69.7 20.3 0.938 57.7 32.3 0.845 11.42 19.89 26.73 12.67 22.06 29.66
176 974 1012 -20.11 121.74 10.76 17.76 25.07 69.8 20.2 0.938 57.7 32.3 0.845 11.47 18.92 26.71 12.73 21.01 29.66
177 975 1012 -20.11 121.75 8.77 14.84 21.99 69.9 20.1 0.939 57.7 32.3 0.845 9.34 15.80 23.42 10.38 17.56 26.02
178 976 1012 -20.11 121.76 9.18 15.07 21.99 69.9 20.1 0.939 57.7 32.3 0.845 9.78 16.05 23.42 10.86 17.83 26.02
179 977 1012 -20.11 121.77 8.41 14.4 21.09 70 20.0 0.940 57.7 32.3 0.845 8.95 15.32 22.44 9.95 17.04 24.95
180 978 1012 -20.11 121.78 8.51 14.4 22.17 70.1 19.9 0.940 57.6 32.4 0.844 9.05 15.31 23.58 10.08 17.05 26.26
181 979 1012 -20.11 121.79 9.94 16.36 23.8 70.1 19.9 0.940 57.6 32.4 0.844 10.57 17.40 25.31 11.77 19.38 28.19
182 980 1012 -20.11 121.8 9.79 16.69 23.26 70.2 19.8 0.941 57.6 32.4 0.844 10.41 17.74 24.72 11.60 19.77 27.55
183 981 1012 -20.11 121.81 9.64 16.3 23.44 70.3 19.7 0.941 57.6 32.4 0.844 10.24 17.31 24.90 11.42 19.31 27.76
184 982 1012 -20.11 121.82 9.33 15.91 23.44 70.3 19.7 0.941 57.6 32.4 0.844 9.91 16.90 24.90 11.05 18.84 27.76
185 983 1012 -20.11 121.83 10.61 17.48 25.07 70.4 19.6 0.942 57.6 32.4 0.844 11.26 18.56 26.61 12.57 20.70 29.69
186 984 1012 -20.11 121.84 10.4 17.59 25.07 70.5 19.5 0.943 57.6 32.4 0.844 11.03 18.66 26.60 12.32 20.83 29.69
187 985 1012 -20.11 121.85 10.51 17.42 25.07 70.6 19.4 0.943 57.6 32.4 0.844 11.14 18.47 26.58 12.45 20.63 29.69
188 986 1012 -20.11 121.86 10.4 16.92 25.43 70.6 19.4 0.943 57.6 32.4 0.844 11.03 17.94 26.96 12.32 20.04 30.12
189 987 1012 -20.11 121.87 10.61 17.08 25.79 70.7 19.3 0.944 57.6 32.4 0.844 11.24 18.10 27.33 12.57 20.23 30.55
190 988 1012 -20.11 121.88 11.02 17.76 26.69 70.8 19.2 0.944 57.6 32.4 0.844 11.67 18.81 28.26 13.05 21.03 31.61
191 989 1012 -20.11 121.89 12.35 18.93 27.78 70.8 19.2 0.944 57.5 32.5 0.843 13.08 20.04 29.42 14.64 22.45 32.94
192 990 1012 -20.11 121.9 11.99 18.54 27.42 70.9 19.1 0.945 57.5 32.5 0.843 12.69 19.62 29.02 14.22 21.98 32.51
193 991 1012 -20.11 121.91 12.71 19.89 27.42 71 19.0 0.946 57.5 32.5 0.843 13.44 21.04 29.00 15.07 23.58 32.51
194 992 1012 -20.11 121.92 11.84 18.37 26.69 71 19.0 0.946 57.5 32.5 0.843 12.52 19.43 28.23 14.04 21.78 31.65
195 993 1012 -20.11 121.93 11.94 18.32 27.24 71.1 18.9 0.946 57.5 32.5 0.843 12.62 19.36 28.79 14.16 21.72 32.30
196 994 1012 -20.11 121.94 12.25 18.71 28.14 71.2 18.8 0.947 57.5 32.5 0.843 12.94 19.76 29.73 14.52 22.18 33.37
197 995 1012 -20.11 121.95 12.45 19.21 27.78 71.3 18.7 0.947 57.5 32.5 0.843 13.14 20.28 29.33 14.76 22.78 32.94
198 996 1012 -20.11 121.96 12.55 19.94 28.14 71.3 18.7 0.947 57.5 32.5 0.843 13.25 21.05 29.71 14.88 23.64 33.37
199 997 1012 -20.11 121.97 12.09 19.21 27.42 71.4 18.6 0.948 57.5 32.5 0.843 12.76 20.27 28.93 14.33 22.78 32.51
200 998 1012 -20.11 121.98 11.33 18.77 26.15 71.5 18.5 0.948 57.5 32.5 0.843 11.95 19.79 27.57 13.43 22.26 31.01




  - 268 - 200 998 1012 -20.11 121.98 11.33 18.77 26.15 71.5 18.5 0.948 57.5 32.5 0.843 11.95 19.79 27.57 13.43 22.26 31.01
201 999 1012 -20.11 121.99 12.35 19.89 28.5 71.5 18.5 0.948 57.5 32.5 0.843 13.02 20.97 30.05 14.64 23.58 33.79
202 1000 1012 -20.11 122 12.96 20 29.77 71.6 18.4 0.949 57.4 32.6 0.842 13.66 21.08 31.37 15.38 23.74 35.34
203 1001 1012 -20.11 122.01 13.12 20.05 29.59 71.7 18.3 0.949 57.4 32.6 0.842 13.82 21.12 31.17 15.57 23.80 35.12
204 1002 1012 -20.11 122.02 13.17 20.39 29.77 71.7 18.3 0.949 57.4 32.6 0.842 13.87 21.48 31.36 15.63 24.20 35.34
205 1003 1012 -20.11 122.03 13.17 20.5 29.77 71.8 18.2 0.950 57.4 32.6 0.842 13.86 21.58 31.34 15.63 24.33 35.34
206 1004 1012 -20.11 122.04 13.47 20.95 30.31 71.9 18.1 0.951 57.4 32.6 0.842 14.17 22.04 31.89 15.99 24.87 35.98
207 1005 1012 -20.11 122.05 13.42 20.73 30.31 72 18.0 0.951 57.4 32.6 0.842 14.11 21.80 31.87 15.93 24.61 35.98
208 1006 1012 -20.11 122.06 13.22 20.39 29.77 72 18.0 0.951 57.4 32.6 0.842 13.90 21.44 31.30 15.69 24.20 35.34
209 1007 1012 -20.11 122.07 12.81 19.94 28.5 72.1 17.9 0.952 57.4 32.6 0.842 13.46 20.95 29.95 15.21 23.67 33.83
210 1008 1012 -20.11 122.08 11.89 18.65 27.06 72.2 17.8 0.952 57.4 32.6 0.842 12.49 19.59 28.42 14.11 22.14 32.12
211 1009 1012 -20.11 122.09 11.58 17.81 26.88 72.2 17.8 0.952 57.4 32.6 0.842 12.16 18.71 28.23 13.75 21.14 31.91
212 1010 1012 -20.11 122.1 9.89 15.8 24.34 72.3 17.7 0.953 57.3 32.7 0.842 10.38 16.59 25.55 11.75 18.78 28.92
213 1011 1012 -20.11 122.11 10 16.13 25.25 72.4 17.6 0.953 57.3 32.7 0.842 10.49 16.92 26.49 11.88 19.17 30.01
214 1012 1012 -20.11 122.12 10.25 16.3 25.61 72.5 17.5 0.954 57.3 32.7 0.842 10.75 17.09 26.85 12.18 19.37 30.43
215 1013 1012 -20.11 122.13 10.97 17.31 27.06 72.5 17.5 0.954 57.3 32.7 0.842 11.50 18.15 28.37 13.04 20.57 32.16
216 1014 1012 -20.11 122.14 12.14 19.21 28.14 72.6 17.4 0.954 57.3 32.7 0.842 12.72 20.13 29.49 14.43 22.83 33.44
217 1015 1012 -20.11 122.15 12.14 19.77 28.14 72.7 17.3 0.955 57.3 32.7 0.842 12.72 20.71 29.47 14.43 23.49 33.44
218 1016 1012 -20.11 122.16 11.63 18.71 27.42 72.7 17.3 0.955 57.3 32.7 0.842 12.18 19.60 28.72 13.82 22.23 32.58
219 1017 1012 -20.11 122.17 10.56 17.31 25.97 72.8 17.2 0.955 57.3 32.7 0.842 11.05 18.12 27.19 12.55 20.57 30.86
220 1018 1012 -20.11 122.18 11.22 18.37 26.15 72.9 17.1 0.956 57.3 32.7 0.842 11.74 19.22 27.36 13.33 21.83 31.08
221 1019 1012 -20.11 122.19 10.97 18.49 25.07 73 17.0 0.956 57.3 32.7 0.842 11.47 19.33 26.22 13.04 21.97 29.79
222 1020 1012 -20.11 122.2 10.81 17.65 24.71 73 17.0 0.956 57.3 32.7 0.842 11.30 18.46 25.84 12.85 20.97 29.36
223 1021 1012 -20.11 122.21 10.4 16.75 24.16 73.1 16.9 0.957 57.2 32.8 0.841 10.87 17.51 25.25 12.37 19.93 28.74
224 1022 1012 -20.11 122.22 10.3 16.92 23.62 73.2 16.8 0.957 57.2 32.8 0.841 10.76 17.67 24.67 12.25 20.13 28.10
225 1023 1012 -20.11 122.23 9.64 16.08 22.72 73.2 16.8 0.957 57.2 32.8 0.841 10.07 16.80 23.73 11.47 19.13 27.03
226 1024 1012 -20.11 122.24 9.54 15.74 22.17 73.3 16.7 0.958 57.2 32.8 0.841 9.96 16.43 23.15 11.35 18.73 26.38
227 1025 1012 -20.11 122.25 9.84 16.24 24.16 73.4 16.6 0.958 57.2 32.8 0.841 10.27 16.95 25.21 11.71 19.32 28.74
228 1026 1012 -20.11 122.26 10.61 17.08 25.25 73.5 16.5 0.959 57.2 32.8 0.841 11.07 17.81 26.33 12.62 20.32 30.04
229 1027 1012 -20.11 122.27 10.66 16.97 24.89 73.5 16.5 0.959 57.2 32.8 0.841 11.12 17.70 25.96 12.68 20.19 29.61
230 1028 1012 -20.11 122.28 10.15 16.3 23.8 73.6 16.4 0.959 57.2 32.8 0.841 10.58 16.99 24.81 12.08 19.39 28.31
231 1029 1012 -20.11 122.29 9.94 16.24 23.8 73.7 16.3 0.960 57.2 32.8 0.841 10.36 16.92 24.80 11.83 19.32 28.31
232 1030 1012 -20.11 122.3 10.51 16.58 25.43 73.7 16.3 0.960 57.2 32.8 0.841 10.95 17.27 26.49 12.50 19.72 30.25
233 1031 1012 -20.11 122.31 11.12 17.7 26.33 73.8 16.2 0.960 57.2 32.8 0.841 11.58 18.43 27.42 13.23 21.06 31.32
234 1032 1012 -20.11 122.32 11.58 18.43 27.78 73.9 16.1 0.961 57.1 32.9 0.840 12.05 19.18 28.91 13.79 21.95 33.09
235 1033 1012 -20.11 122.33 12.35 19.77 28.32 74 16.0 0.961 57.1 32.9 0.840 12.85 20.57 29.46 14.71 23.55 33.73
236 1034 1012 -20.11 122.34 12.55 20.67 29.05 74 16.0 0.961 57.1 32.9 0.840 13.06 21.50 30.22 14.95 24.62 34.60
237 1035 1012 -20.11 122.35 13.32 21.45 30.85 74.1 15.9 0.962 57.1 32.9 0.840 13.85 22.30 32.08 15.86 25.55 36.74
238 1036 1012 -20.11 122.36 13.88 21.79 31.58 74.2 15.8 0.962 57.1 32.9 0.840 14.43 22.65 32.82 16.53 25.95 37.61
239 1037 1012 -20.11 122.37 12.96 20.5 29.95 74.2 15.8 0.962 57.1 32.9 0.840 13.47 21.30 31.13 15.44 24.42 35.67
240 1038 1012 -20.11 122.38 12.71 20.17 29.41 74.3 15.7 0.963 57.1 32.9 0.840 13.20 20.95 30.55 15.14 24.02 35.03
241 1039 1012 -20.11 122.39 12.14 19.44 27.78 74.4 15.6 0.963 57.1 32.9 0.840 12.60 20.18 28.84 14.46 23.15 33.09
242 1040 1012 -20.11 122.4 11.27 18.15 25.61 74.5 15.5 0.964 57.1 32.9 0.840 11.70 18.84 26.58 13.42 21.62 30.50
243 1041 1012 -20.11 122.41 10.3 16.64 24.71 74.5 15.5 0.964 57.1 32.9 0.840 10.69 17.27 25.64 12.27 19.82 29.43
244 1042 1012 -20.11 122.42 10.76 17.48 26.15 74.6 15.4 0.964 57.1 32.9 0.840 11.16 18.13 27.12 12.82 20.82 31.15
245 1043 1012 -20.11 122.43 12.09 19.33 28.32 74.7 15.3 0.965 57 33 0.839 12.53 20.04 29.36 14.42 23.05 33.77
246 1044 1012 -20.11 122.44 12.66 19.83 29.05 74.8 15.2 0.965 57 33 0.839 13.12 20.55 30.10 15.10 23.64 34.64
247 1045 1012 -20.11 122.45 12.91 20.78 29.59 74.8 15.2 0.965 57 33 0.839 13.38 21.53 30.66 15.39 24.78 35.28
248 1046 1012 -20.11 122.46 13.22 21.4 29.77 74.9 15.1 0.965 57 33 0.839 13.69 22.17 30.83 15.76 25.52 35.50
249 1047 1012 -20.11 122.47 13.47 21.57 30.13 75 15.0 0.966 57 33 0.839 13.95 22.33 31.19 16.06 25.72 35.93
250 1048 1012 -20.11 122.48 13.47 21.85 29.41 75 15.0 0.966 57 33 0.839 13.95 22.62 30.45 16.06 26.05 35.07
251 1049 1012 -20.11 122.49 12.09 20.17 27.42 75.1 14.9 0.966 57 33 0.839 12.51 20.87 28.37 14.42 24.05 32.69
252 1050 1012 -20.11 122.5 12.25 20.33 28.14 75.2 14.8 0.967 57 33 0.839 12.67 21.03 29.11 14.61 24.24 33.55
253 1051 1012 -20.11 122.51 12.5 20.56 28.86 75.3 14.7 0.967 57 33 0.839 12.92 21.26 29.84 14.90 24.51 34.41
254 1052 1012 -20.11 122.52 13.01 21.34 29.59 75.3 14.7 0.967 57 33 0.839 13.45 22.06 30.59 15.51 25.45 35.28
255 1053 1012 -20.11 122.53 13.07 21.34 29.59 75.4 14.6 0.968 57 33 0.839 13.51 22.05 30.58 15.58 25.45 35.28
256 1054 1012 -20.11 122.54 13.27 21.62 30.13 75.5 14.5 0.968 56.9 33.1 0.838 13.71 22.33 31.12 15.84 25.81 35.97
257 1055 1012 -20.11 122.55 12.81 20.56 29.05 75.6 14.4 0.969 56.9 33.1 0.838 13.23 21.23 29.99 15.29 24.54 34.68
258 1056 1012 -20.11 122.56 13.53 21.73 31.22 75.6 14.4 0.969 56.9 33.1 0.838 13.97 22.43 32.23 16.15 25.94 37.27
259 1057 1012 -20.11 122.57 14.55 23.58 32.48 75.7 14.3 0.969 56.9 33.1 0.838 15.02 24.33 33.52 17.37 28.15 38.77
260 1058 1012 -20.11 122.58 14.24 22.97 31.4 75.8 14.2 0.969 56.9 33.1 0.838 14.69 23.69 32.39 17.00 27.42 37.48
261 1059 1012 -20.11 122.59 14.55 23.36 32.12 75.8 14.2 0.969 56.9 33.1 0.838 15.01 24.10 33.13 17.37 27.89 38.34
262 1060 1012 -20.11 122.6 13.53 21.85 30.49 75.9 14.1 0.970 56.9 33.1 0.838 13.95 22.53 31.44 16.15 26.08 36.40
263 1061 1012 -20.11 122.61 14.19 22.97 32.3 76 14.0 0.970 56.9 33.1 0.838 14.62 23.67 33.29 16.94 27.42 38.56
264 1062 1012 -20.11 122.62 14.81 24.03 33.57 76.1 13.9 0.971 56.9 33.1 0.838 15.26 24.75 34.58 17.68 28.69 40.07
265 1063 1012 -20.11 122.63 15.27 24.48 34.29 76.1 13.9 0.971 56.9 33.1 0.838 15.73 25.22 35.32 18.23 29.22 40.93
266 1064 1012 -20.11 122.64 15.16 24.14 33.75 76.2 13.8 0.971 56.9 33.1 0.838 15.61 24.86 34.75 18.10 28.82 40.29
267 1065 1012 -20.11 122.65 13.73 22.07 30.49 76.3 13.7 0.972 56.8 33.2 0.837 14.13 22.72 31.38 16.41 26.38 36.44
268 1066 1012 -20.11 122.66 14.19 23.08 31.94 76.4 13.6 0.972 56.8 33.2 0.837 14.60 23.75 32.86 16.96 27.58 38.17
269 1067 1012 -20.11 122.67 14.65 23.58 31.58 76.4 13.6 0.972 56.8 33.2 0.837 15.07 24.26 32.49 17.51 28.18 37.74
270 1068 1012 -20.11 122.68 13.63 22.07 29.77 76.5 13.5 0.972 56.8 33.2 0.837 14.02 22.70 30.62 16.29 26.38 35.58
271 1069 1012 -20.11 122.69 12.71 20.56 28.14 76.6 13.4 0.973 56.8 33.2 0.837 13.07 21.14 28.93 15.19 24.57 33.63
272 1070 1012 -20.11 122.7 12.09 19.38 27.24 76.7 13.3 0.973 56.8 33.2 0.837 12.42 19.91 27.99 14.45 23.16 32.55
273 1071 1012 -20.11 122.71 11.63 18.54 26.15 76.7 13.3 0.973 56.8 33.2 0.837 11.95 19.05 26.87 13.90 22.16 31.25
274 1072 1012 -20.11 122.72 11.43 18.93 25.79 76.8 13.2 0.974 56.8 33.2 0.837 11.74 19.44 26.49 13.66 22.62 30.82
275 1073 1012 -20.11 122.73 11.68 19.16 26.51 76.9 13.1 0.974 56.8 33.2 0.837 11.99 19.67 27.22 13.96 22.90 31.68
276 1074 1012 -20.11 122.74 11.94 19.05 26.69 76.9 13.1 0.974 56.8 33.2 0.837 12.26 19.56 27.40 14.27 22.77 31.90
277 1075 1012 -20.11 122.75 11.68 18.6 25.97 77 13.0 0.974 56.8 33.2 0.837 11.99 19.09 26.65 13.96 22.23 31.04
278 1076 1012 -20.11 122.76 10.35 17.14 23.98 77.1 12.9 0.975 56.7 33.3 0.836 10.62 17.58 24.60 12.38 20.51 28.69
279 1077 1012 -20.11 122.77 10.46 17.25 24.52 77.2 12.8 0.975 56.7 33.3 0.836 10.73 17.69 25.14 12.51 20.64 29.34
280 1078 1012 -20.11 122.78 11.27 18.37 25.97 77.2 12.8 0.975 56.7 33.3 0.836 11.56 18.84 26.63 13.48 21.98 31.07
281 1079 1012 -20.11 122.79 11.48 18.54 26.33 77.3 12.7 0.976 56.7 33.3 0.836 11.77 19.00 26.99 13.74 22.18 31.50
282 1080 1012 -20.11 122.8 12.09 19.27 27.06 77.4 12.6 0.976 56.7 33.3 0.836 12.39 19.75 27.73 14.47 23.06 32.38
283 1081 1012 -20.11 122.81 12.76 19.94 28.68 77.5 12.5 0.976 56.7 33.3 0.836 13.07 20.42 29.38 15.27 23.86 34.31
284 1082 1012 -20.11 122.82 13.53 19.83 29.77 77.5 12.5 0.976 56.7 33.3 0.836 13.86 20.31 30.49 16.19 23.73 35.62
285 1083 1012 -20.11 122.83 13.58 20.45 29.59 77.6 12.4 0.977 56.7 33.3 0.836 13.90 20.94 30.30 16.25 24.47 35.40
286 1084 1012 -20.11 122.84 13.63 21.62 30.67 77.7 12.3 0.977 56.7 33.3 0.836 13.95 22.13 31.39 16.31 25.87 36.70
287 1085 1012 -20.11 122.85 14.19 22.63 30.67 77.8 12.2 0.977 56.7 33.3 0.836 14.52 23.15 31.38 16.98 27.08 36.70
288 1086 1012 -20.11 122.86 12.71 20.95 28.68 77.8 12.2 0.977 56.6 33.4 0.835 13.00 21.43 29.34 15.22 25.09 34.35
289 1087 1012 -20.11 122.87 14.04 22.8 31.03 77.9 12.1 0.978 56.6 33.4 0.835 14.36 23.32 31.74 16.82 27.31 37.17
290 1088 1012 -20.11 122.88 14.81 24.14 31.94 78 12.0 0.978 56.6 33.4 0.835 15.14 24.68 32.65 17.74 28.92 38.26
291 1089 1012 -20.11 122.89 14.81 24.25 31.94 78.1 11.9 0.979 56.6 33.4 0.835 15.14 24.78 32.64 17.74 29.05 38.26
292 1090 1012 -20.11 122.9 14.75 24.14 31.94 78.1 11.9 0.979 56.6 33.4 0.835 15.07 24.67 32.64 17.67 28.92 38.26
293 1091 1012 -20.11 122.91 14.14 23.25 31.22 78.2 11.8 0.979 56.6 33.4 0.835 14.45 23.75 31.89 16.94 27.85 37.40
294 1092 1012 -20.11 122.92 14.29 23.58 31.58 78.3 11.7 0.979 56.6 33.4 0.835 14.59 24.08 32.25 17.12 28.24 37.83
295 1093 1012 -20.11 122.93 14.45 23.53 31.4 78.4 11.6 0.980 56.6 33.4 0.835 14.75 24.02 32.05 17.31 28.18 37.61
296 1094 1012 -20.11 122.94 14.4 23.47 31.76 78.4 11.6 0.980 56.6 33.4 0.835 14.70 23.96 32.42 17.25 28.11 38.04
297 1095 1012 -20.11 122.95 14.65 23.81 32.12 78.5 11.5 0.980 56.6 33.4 0.835 14.95 24.30 32.78 17.55 28.52 38.47
298 1096 1012 -20.11 122.96 14.19 22.63 29.41 78.6 11.4 0.980 56.6 33.4 0.835 14.48 23.09 30.00 17.00 27.11 35.23






  - 269 - 300 1098 1012 -20.11 122.98 11.33 17.7 26.15 78.7 11.3 0.981 56.5 33.5 0.834 11.55 18.05 26.67 13.59 21.23 31.36
301 1099 1012 -20.11 122.99 11.94 18.65 28.14 78.8 11.2 0.981 56.5 33.5 0.834 12.17 19.01 28.69 14.32 22.37 33.75
302 1100 1012 -20.11 123 11.48 18.6 27.96 78.9 11.1 0.981 56.5 33.5 0.834 11.70 18.95 28.49 13.77 22.31 33.53
303 1101 1012 -20.11 123.01 13.78 21.96 31.76 78.9 11.1 0.981 56.5 33.5 0.834 14.04 22.38 32.37 16.53 26.33 38.09
304 1102 1012 -20.11 123.02 15.06 23.86 33.2 79 11.0 0.982 56.5 33.5 0.834 15.34 24.31 33.82 18.06 28.61 39.81
305 1103 1012 -20.11 123.03 14.86 23.81 32.66 79.1 10.9 0.982 56.5 33.5 0.834 15.13 24.25 33.26 17.82 28.55 39.17
306 1104 1012 -20.11 123.04 14.29 23.19 32.3 79.2 10.8 0.982 56.5 33.5 0.834 14.55 23.61 32.88 17.14 27.81 38.73
307 1105 1012 -20.11 123.05 14.81 23.58 32.3 79.2 10.8 0.982 56.5 33.5 0.834 15.08 24.01 32.88 17.76 28.28 38.73
308 1106 1012 -20.11 123.06 14.09 22.85 31.4 79.3 10.7 0.983 56.5 33.5 0.834 14.34 23.25 31.96 16.90 27.40 37.66
309 1107 1012 -20.11 123.07 13.78 22.18 29.05 79.4 10.6 0.983 56.5 33.5 0.834 14.02 22.57 29.55 16.53 26.60 34.84
310 1108 1012 -20.11 123.08 11.68 19.38 25.43 79.5 10.5 0.983 56.4 33.6 0.833 11.88 19.71 25.86 14.02 23.27 30.53
311 1109 1012 -20.11 123.09 10.97 18.49 24.89 79.5 10.5 0.983 56.4 33.6 0.833 11.16 18.80 25.31 13.17 22.20 29.88
312 1110 1012 -20.11 123.1 10.92 18.15 23.98 79.6 10.4 0.984 56.4 33.6 0.833 11.10 18.45 24.38 13.11 21.79 28.79
313 1111 1012 -20.11 123.11 10.66 17.65 25.07 79.7 10.3 0.984 56.4 33.6 0.833 10.83 17.94 25.48 12.80 21.19 30.10
314 1112 1012 -20.11 123.12 12.09 19.1 27.24 79.8 10.2 0.984 56.4 33.6 0.833 12.28 19.41 27.68 14.52 22.93 32.70
315 956 1013 -20.12 121.56 11.84 20.33 26.51 68.5 21.5 0.930 57.8 32.2 0.846 12.73 21.85 28.49 13.99 24.03 31.33
316 957 1013 -20.12 121.57 11.68 19.89 26.15 68.6 21.4 0.931 57.8 32.2 0.846 12.54 21.36 28.09 13.80 23.51 30.90
317 958 1013 -20.12 121.58 12.45 20.89 27.78 68.7 21.3 0.932 57.8 32.2 0.846 13.36 22.42 29.82 14.71 24.69 32.83
318 959 1013 -20.12 121.59 12.2 20.5 27.06 68.7 21.3 0.932 57.8 32.2 0.846 13.09 22.00 29.04 14.42 24.23 31.98
319 960 1013 -20.12 121.6 11.99 20 27.42 68.8 21.2 0.932 57.8 32.2 0.846 12.86 21.45 29.41 14.17 23.64 32.40
320 961 1013 -20.12 121.61 12.81 21.57 28.32 68.9 21.1 0.933 57.8 32.2 0.846 13.73 23.12 30.36 15.14 25.49 33.47
321 962 1013 -20.12 121.62 13.07 21.68 28.86 68.9 21.1 0.933 57.8 32.2 0.846 14.01 23.24 30.93 15.45 25.62 34.11
322 963 1013 -20.12 121.63 13.27 21.62 29.59 69 21.0 0.934 57.8 32.2 0.846 14.21 23.16 31.70 15.68 25.55 34.97
323 964 1013 -20.12 121.64 13.58 22.18 29.95 69.1 20.9 0.934 57.8 32.2 0.846 14.54 23.74 32.06 16.05 26.21 35.39
324 965 1013 -20.12 121.65 13.27 21.96 29.23 69.1 20.9 0.934 57.8 32.2 0.846 14.20 23.51 31.29 15.68 25.95 34.54
325 966 1013 -20.12 121.66 12.66 20.95 28.32 69.2 20.8 0.935 57.8 32.2 0.846 13.54 22.41 30.29 14.96 24.76 33.47
326 967 1013 -20.12 121.67 12.45 20.67 28.68 69.3 20.7 0.935 57.7 32.3 0.845 13.31 22.10 30.66 14.73 24.45 33.93
327 968 1013 -20.12 121.68 13.12 21.68 29.41 69.4 20.6 0.936 57.7 32.3 0.845 14.02 23.16 31.42 15.52 25.65 34.79
328 969 1013 -20.12 121.69 13.07 21.79 28.68 69.4 20.6 0.936 57.7 32.3 0.845 13.96 23.28 30.64 15.46 25.78 33.93
329 970 1013 -20.12 121.7 12.4 20.84 27.6 69.5 20.5 0.937 57.7 32.3 0.845 13.24 22.25 29.47 14.67 24.66 32.65
330 971 1013 -20.12 121.71 11.89 19.89 26.51 69.6 20.4 0.937 57.7 32.3 0.845 12.69 21.22 28.28 14.07 23.53 31.36
331 972 1013 -20.12 121.72 11.58 19.44 26.51 69.6 20.4 0.937 57.7 32.3 0.845 12.35 20.74 28.28 13.70 23.00 31.36
332 973 1013 -20.12 121.73 11.68 20.11 25.43 69.7 20.3 0.938 57.7 32.3 0.845 12.45 21.44 27.11 13.82 23.79 30.09
333 974 1013 -20.12 121.74 9.84 17.59 22.72 69.8 20.2 0.938 57.7 32.3 0.845 10.48 18.74 24.21 11.64 20.81 26.88
334 975 1013 -20.12 121.75 8.72 15.35 21.63 69.8 20.2 0.938 57.7 32.3 0.845 9.29 16.36 23.05 10.32 18.16 25.59
335 976 1013 -20.12 121.76 8.82 14.17 20.91 69.9 20.1 0.939 57.7 32.3 0.845 9.39 15.09 22.27 10.43 16.76 24.74
336 977 1013 -20.12 121.77 8.67 13.89 20.73 70 20.0 0.940 57.7 32.3 0.845 9.23 14.78 22.06 10.26 16.43 24.52
337 978 1013 -20.12 121.78 8.56 14.28 21.09 70 20.0 0.940 57.6 32.4 0.844 9.11 15.20 22.44 10.14 16.91 24.98
338 979 1013 -20.12 121.79 8.46 14.23 21.09 70.1 19.9 0.940 57.6 32.4 0.844 9.00 15.13 22.43 10.02 16.85 24.98
339 980 1013 -20.12 121.8 8.67 14.73 21.81 70.2 19.8 0.941 57.6 32.4 0.844 9.21 15.66 23.18 10.27 17.45 25.83
340 981 1013 -20.12 121.81 9.23 15.63 22.54 70.3 19.7 0.941 57.6 32.4 0.844 9.80 16.60 23.94 10.93 18.51 26.70
341 982 1013 -20.12 121.82 8.51 14.4 21.81 70.3 19.7 0.941 57.6 32.4 0.844 9.04 15.30 23.17 10.08 17.05 25.83
342 983 1013 -20.12 121.83 9.28 15.18 23.62 70.4 19.6 0.942 57.6 32.4 0.844 9.85 16.11 25.07 10.99 17.98 27.97
343 984 1013 -20.12 121.84 10.05 16.3 24.16 70.5 19.5 0.943 57.6 32.4 0.844 10.66 17.29 25.63 11.90 19.31 28.61
344 985 1013 -20.12 121.85 10 16.02 24.52 70.5 19.5 0.943 57.6 32.4 0.844 10.61 16.99 26.01 11.84 18.97 29.04
345 986 1013 -20.12 121.86 9.89 15.85 24.71 70.6 19.4 0.943 57.6 32.4 0.844 10.49 16.80 26.20 11.71 18.77 29.27
346 987 1013 -20.12 121.87 10.2 16.47 25.61 70.7 19.3 0.944 57.6 32.4 0.844 10.81 17.45 27.13 12.08 19.51 30.33
347 988 1013 -20.12 121.88 11.79 18.43 27.96 70.7 19.3 0.944 57.6 32.4 0.844 12.49 19.53 29.62 13.96 21.83 33.12
348 989 1013 -20.12 121.89 13.17 20.73 28.5 70.8 19.2 0.944 57.5 32.5 0.843 13.95 21.95 30.18 15.62 24.58 33.79
349 990 1013 -20.12 121.9 12.25 19.49 26.88 70.9 19.1 0.945 57.5 32.5 0.843 12.96 20.63 28.45 14.52 23.11 31.87
350 991 1013 -20.12 121.91 11.74 18.54 27.06 71 19.0 0.946 57.5 32.5 0.843 12.42 19.61 28.62 13.92 21.98 32.08
351 992 1013 -20.12 121.92 12.81 20.28 28.5 71 19.0 0.946 57.5 32.5 0.843 13.55 21.45 30.14 15.19 24.05 33.79
352 993 1013 -20.12 121.93 11.89 18.6 26.51 71.1 18.9 0.946 57.5 32.5 0.843 12.57 19.66 28.02 14.10 22.05 31.43
353 994 1013 -20.12 121.94 11.53 17.87 26.88 71.2 18.8 0.947 57.5 32.5 0.843 12.18 18.88 28.39 13.67 21.19 31.87
354 995 1013 -20.12 121.95 12.55 19.66 28.68 71.2 18.8 0.947 57.5 32.5 0.843 13.26 20.77 30.30 14.88 23.31 34.01
355 996 1013 -20.12 121.96 12.55 19.94 28.14 71.3 18.7 0.947 57.5 32.5 0.843 13.25 21.05 29.71 14.88 23.64 33.37
356 997 1013 -20.12 121.97 12.14 19.44 26.88 71.4 18.6 0.948 57.5 32.5 0.843 12.81 20.51 28.36 14.39 23.05 31.87
357 998 1013 -20.12 121.98 11.27 18.32 25.25 71.4 18.6 0.948 57.5 32.5 0.843 11.89 19.33 26.64 13.36 21.72 29.94
358 999 1013 -20.12 121.99 10.92 17.81 25.25 71.5 18.5 0.948 57.4 32.6 0.842 11.52 18.78 26.63 12.96 21.14 29.97
359 1000 1013 -20.12 122 11.94 19.55 27.6 71.6 18.4 0.949 57.4 32.6 0.842 12.58 20.60 29.09 14.17 23.21 32.76
360 1001 1013 -20.12 122.01 12.61 19.94 28.68 71.7 18.3 0.949 57.4 32.6 0.842 13.28 21.00 30.21 14.97 23.67 34.04
361 1002 1013 -20.12 122.02 12.81 20.05 29.23 71.7 18.3 0.949 57.4 32.6 0.842 13.49 21.12 30.79 15.21 23.80 34.70
362 1003 1013 -20.12 122.03 12.55 20.05 28.5 71.8 18.2 0.950 57.4 32.6 0.842 13.21 21.11 30.00 14.90 23.80 33.83
363 1004 1013 -20.12 122.04 13.17 20.73 29.95 71.9 18.1 0.951 57.4 32.6 0.842 13.86 21.81 31.51 15.63 24.61 35.55
364 1005 1013 -20.12 122.05 13.73 21.29 30.49 71.9 18.1 0.951 57.4 32.6 0.842 14.44 22.40 32.08 16.30 25.27 36.19
365 1006 1013 -20.12 122.06 13.58 21.34 30.13 72 18.0 0.951 57.4 32.6 0.842 14.28 22.44 31.68 16.12 25.33 35.76
366 1007 1013 -20.12 122.07 12.91 20.17 28.68 72.1 17.9 0.952 57.4 32.6 0.842 13.57 21.20 30.14 15.32 23.94 34.04
367 1008 1013 -20.12 122.08 12.14 19.21 26.88 72.2 17.8 0.952 57.4 32.6 0.842 12.75 20.18 28.23 14.41 22.80 31.91
368 1009 1013 -20.12 122.09 11.07 17.42 25.07 72.2 17.8 0.952 57.4 32.6 0.842 11.63 18.30 26.33 13.14 20.68 29.76
369 1010 1013 -20.12 122.1 10.2 16.8 24.52 72.3 17.7 0.953 57.3 32.7 0.842 10.71 17.63 25.74 12.12 19.96 29.14
370 1011 1013 -20.12 122.11 9.69 16.13 23.8 72.4 17.6 0.953 57.3 32.7 0.842 10.17 16.92 24.97 11.52 19.17 28.28
371 1012 1013 -20.12 122.12 9.59 15.57 24.16 72.4 17.6 0.953 57.3 32.7 0.842 10.06 16.33 25.35 11.40 18.50 28.71
372 1013 1013 -20.12 122.13 10.05 15.96 24.89 72.5 17.5 0.954 57.3 32.7 0.842 10.54 16.73 26.10 11.94 18.97 29.58
373 1014 1013 -20.12 122.14 10.81 17.25 25.97 72.6 17.4 0.954 57.3 32.7 0.842 11.33 18.08 27.22 12.85 20.50 30.86
374 1015 1013 -20.12 122.15 11.17 17.93 26.33 72.7 17.3 0.955 57.3 32.7 0.842 11.70 18.78 27.58 13.27 21.31 31.29
375 1016 1013 -20.12 122.16 10.92 17.81 25.79 72.7 17.3 0.955 57.3 32.7 0.842 11.44 18.65 27.01 12.98 21.16 30.65
376 1017 1013 -20.12 122.17 10.2 16.75 24.89 72.8 17.2 0.955 57.3 32.7 0.842 10.68 17.53 26.06 12.12 19.90 29.58
377 1018 1013 -20.12 122.18 10.81 17.7 25.97 72.9 17.1 0.956 57.3 32.7 0.842 11.31 18.52 27.17 12.85 21.03 30.86
378 1019 1013 -20.12 122.19 11.12 18.32 25.43 72.9 17.1 0.956 57.3 32.7 0.842 11.63 19.17 26.61 13.21 21.77 30.22
379 1020 1013 -20.12 122.2 10.25 16.64 23.8 73 17.0 0.956 57.3 32.7 0.842 10.72 17.40 24.89 12.18 19.77 28.28
380 1021 1013 -20.12 122.21 10.3 16.52 24.16 73.1 16.9 0.957 57.2 32.8 0.841 10.76 17.27 25.25 12.25 19.65 28.74
381 1022 1013 -20.12 122.22 10.25 16.58 23.62 73.2 16.8 0.957 57.2 32.8 0.841 10.71 17.32 24.67 12.19 19.72 28.10
382 1023 1013 -20.12 122.23 10 16.3 22.72 73.2 16.8 0.957 57.2 32.8 0.841 10.45 17.03 23.73 11.90 19.39 27.03
383 1024 1013 -20.12 122.24 10.35 16.75 23.44 73.3 16.7 0.958 57.2 32.8 0.841 10.81 17.49 24.47 12.31 19.93 27.89
384 1025 1013 -20.12 122.25 10.25 16.52 23.08 73.4 16.6 0.958 57.2 32.8 0.841 10.70 17.24 24.08 12.19 19.65 27.46
385 1026 1013 -20.12 122.26 9.79 16.13 23.08 73.4 16.6 0.958 57.2 32.8 0.841 10.22 16.83 24.08 11.65 19.19 27.46
386 1027 1013 -20.12 122.27 10.71 16.75 26.33 73.5 16.5 0.959 57.2 32.8 0.841 11.17 17.47 27.46 12.74 19.93 31.32
387 1028 1013 -20.12 122.28 11.02 17.48 25.61 73.6 16.4 0.959 57.2 32.8 0.841 11.49 18.22 26.70 13.11 20.80 30.47
388 1029 1013 -20.12 122.29 10.51 16.92 24.89 73.7 16.3 0.960 57.2 32.8 0.841 10.95 17.63 25.93 12.50 20.13 29.61
389 1030 1013 -20.12 122.3 10.66 16.8 25.25 73.7 16.3 0.960 57.2 32.8 0.841 11.11 17.50 26.31 12.68 19.99 30.04
390 1031 1013 -20.12 122.31 10.81 16.92 25.43 73.8 16.2 0.960 57.2 32.8 0.841 11.26 17.62 26.48 12.86 20.13 30.25
391 1032 1013 -20.12 122.32 10.87 17.08 25.43 73.9 16.1 0.961 57.1 32.9 0.840 11.31 17.78 26.47 12.95 20.34 30.29
392 1033 1013 -20.12 122.33 11.02 17.48 26.69 73.9 16.1 0.961 57.1 32.9 0.840 11.47 18.19 27.78 13.12 20.82 31.79
393 1034 1013 -20.12 122.34 12.14 19.38 28.68 74 16.0 0.961 57.1 32.9 0.840 12.63 20.16 29.84 14.46 23.08 34.16
394 1035 1013 -20.12 122.35 13.12 20.89 29.77 74.1 15.9 0.962 57.1 32.9 0.840 13.64 21.72 30.95 15.63 24.88 35.46
395 1036 1013 -20.12 122.36 13.37 21.23 30.67 74.2 15.8 0.962 57.1 32.9 0.840 13.89 22.06 31.87 15.92 25.29 36.53
396 1037 1013 -20.12 122.37 13.73 21.62 31.22 74.2 15.8 0.962 57.1 32.9 0.840 14.27 22.47 32.45 16.35 25.75 37.18
397 1038 1013 -20.12 122.38 13.17 20.95 30.67 74.3 15.7 0.963 57.1 32.9 0.840 13.68 21.76 31.86 15.69 24.95 36.53
398 1039 1013 -20.12 122.39 12.91 20.67 29.23 74.4 15.6 0.963 57.1 32.9 0.840 13.40 21.46 30.35 15.38 24.62 34.81






  - 270 - 400 1041 1013 -20.12 122.41 11.84 18.65 27.42 74.5 15.5 0.964 57.1 32.9 0.840 12.29 19.35 28.45 14.10 22.21 32.66
401 1042 1013 -20.12 122.42 11.84 18.6 27.42 74.6 15.4 0.964 57.1 32.9 0.840 12.28 19.29 28.44 14.10 22.15 32.66
402 1043 1013 -20.12 122.43 11.94 18.82 28.14 74.7 15.3 0.965 57 33 0.839 12.38 19.51 29.17 14.24 22.44 33.55
403 1044 1013 -20.12 122.44 12.35 19.61 29.05 74.7 15.3 0.965 57 33 0.839 12.80 20.33 30.12 14.73 23.38 34.64
404 1045 1013 -20.12 122.45 13.22 21.4 30.13 74.8 15.2 0.965 57 33 0.839 13.70 22.18 31.22 15.76 25.52 35.93
405 1046 1013 -20.12 122.46 13.12 21.17 29.59 74.9 15.1 0.965 57 33 0.839 13.59 21.93 30.65 15.64 25.24 35.28
406 1047 1013 -20.12 122.47 12.5 20.33 28.68 75 15.0 0.966 57 33 0.839 12.94 21.05 29.69 14.90 24.24 34.20
407 1048 1013 -20.12 122.48 12.66 20.78 28.86 75 15.0 0.966 57 33 0.839 13.11 21.51 29.88 15.10 24.78 34.41
408 1049 1013 -20.12 122.49 13.07 21.29 29.95 75.1 14.9 0.966 57 33 0.839 13.52 22.03 30.99 15.58 25.39 35.71
409 1050 1013 -20.12 122.5 14.04 22.63 31.4 75.2 14.8 0.967 57 33 0.839 14.52 23.41 32.48 16.74 26.98 37.44
410 1051 1013 -20.12 122.51 13.17 21.34 29.41 75.2 14.8 0.967 57 33 0.839 13.62 22.07 30.42 15.70 25.45 35.07
411 1052 1013 -20.12 122.52 13.53 22.01 29.59 75.3 14.7 0.967 57 33 0.839 13.99 22.75 30.59 16.13 26.24 35.28
412 1053 1013 -20.12 122.53 12.45 20.28 28.14 75.4 14.6 0.968 57 33 0.839 12.87 20.96 29.08 14.84 24.18 33.55
413 1054 1013 -20.12 122.54 12.61 20.84 29.05 75.5 14.5 0.968 56.9 33.1 0.838 13.02 21.53 30.01 15.05 24.88 34.68
414 1055 1013 -20.12 122.55 13.47 22.29 30.13 75.5 14.5 0.968 56.9 33.1 0.838 13.91 23.02 31.12 16.08 26.61 35.97
415 1056 1013 -20.12 122.56 13.17 21.51 29.95 75.6 14.4 0.969 56.9 33.1 0.838 13.60 22.21 30.92 15.72 25.68 35.75
416 1057 1013 -20.12 122.57 14.29 23.13 32.3 75.7 14.3 0.969 56.9 33.1 0.838 14.75 23.87 33.33 17.06 27.61 38.56
417 1058 1013 -20.12 122.58 14.86 23.86 32.84 75.8 14.2 0.969 56.9 33.1 0.838 15.33 24.61 33.88 17.74 28.48 39.20
418 1059 1013 -20.12 122.59 13.73 22.46 31.03 75.8 14.2 0.969 56.9 33.1 0.838 14.16 23.17 32.01 16.39 26.81 37.04
419 1060 1013 -20.12 122.6 14.4 23.36 32.66 75.9 14.1 0.970 56.9 33.1 0.838 14.85 24.09 33.67 17.19 27.89 38.99
420 1061 1013 -20.12 122.61 15.11 24.25 33.57 76 14.0 0.970 56.9 33.1 0.838 15.57 24.99 34.60 18.04 28.95 40.07
421 1062 1013 -20.12 122.62 14.24 23.19 31.4 76 14.0 0.970 56.9 33.1 0.838 14.68 23.90 32.36 17.00 27.68 37.48
422 1063 1013 -20.12 122.63 13.68 22.29 30.85 76.1 13.9 0.971 56.9 33.1 0.838 14.09 22.96 31.78 16.33 26.61 36.83
423 1064 1013 -20.12 122.64 13.94 22.41 31.03 76.2 13.8 0.971 56.9 33.1 0.838 14.35 23.08 31.95 16.64 26.75 37.04
424 1065 1013 -20.12 122.65 13.99 22.24 30.49 76.3 13.7 0.972 56.8 33.2 0.837 14.40 22.89 31.38 16.72 26.58 36.44
425 1066 1013 -20.12 122.66 12.76 20.22 27.78 76.3 13.7 0.972 56.8 33.2 0.837 13.13 20.81 28.59 15.25 24.16 33.20
426 1067 1013 -20.12 122.67 12.91 20.84 28.68 76.4 13.6 0.972 56.8 33.2 0.837 13.28 21.44 29.51 15.43 24.91 34.27
427 1068 1013 -20.12 122.68 13.12 21.17 28.86 76.5 13.5 0.972 56.8 33.2 0.837 13.49 21.77 29.68 15.68 25.30 34.49
428 1069 1013 -20.12 122.69 13.01 21.06 28.32 76.6 13.4 0.973 56.8 33.2 0.837 13.37 21.65 29.11 15.55 25.17 33.84
429 1070 1013 -20.12 122.7 12.86 21.06 28.32 76.6 13.4 0.973 56.8 33.2 0.837 13.22 21.65 29.11 15.37 25.17 33.84
430 1071 1013 -20.12 122.71 12.61 20.5 27.6 76.7 13.3 0.973 56.8 33.2 0.837 12.96 21.06 28.36 15.07 24.50 32.98
431 1072 1013 -20.12 122.72 13.37 21.96 29.59 76.8 13.2 0.974 56.8 33.2 0.837 13.73 22.56 30.39 15.98 26.24 35.36
432 1073 1013 -20.12 122.73 13.32 21.68 29.95 76.9 13.1 0.974 56.8 33.2 0.837 13.68 22.26 30.75 15.92 25.91 35.79
433 1074 1013 -20.12 122.74 13.07 21.12 27.96 76.9 13.1 0.974 56.8 33.2 0.837 13.42 21.68 28.71 15.62 25.24 33.41
434 1075 1013 -20.12 122.75 11.79 19.38 26.15 77 13.0 0.974 56.8 33.2 0.837 12.10 19.89 26.84 14.09 23.16 31.25
435 1076 1013 -20.12 122.76 11.48 18.71 25.79 77.1 12.9 0.975 56.7 33.3 0.836 11.78 19.19 26.46 13.74 22.39 30.86
436 1077 1013 -20.12 122.77 11.17 18.37 25.25 77.2 12.8 0.975 56.7 33.3 0.836 11.45 18.84 25.89 13.36 21.98 30.21
437 1078 1013 -20.12 122.78 11.12 18.15 25.61 77.2 12.8 0.975 56.7 33.3 0.836 11.40 18.61 26.26 13.30 21.72 30.64
438 1079 1013 -20.12 122.79 11.43 18.37 25.97 77.3 12.7 0.976 56.7 33.3 0.836 11.72 18.83 26.62 13.68 21.98 31.07
439 1080 1013 -20.12 122.8 11.84 18.82 26.69 77.4 12.6 0.976 56.7 33.3 0.836 12.13 19.28 27.35 14.17 22.52 31.93
440 1081 1013 -20.12 122.81 12.55 19.66 27.78 77.4 12.6 0.976 56.7 33.3 0.836 12.86 20.15 28.47 15.02 23.52 33.24
441 1082 1013 -20.12 122.82 12.96 19.1 28.5 77.5 12.5 0.976 56.7 33.3 0.836 13.27 19.56 29.19 15.51 22.85 34.10
442 1083 1013 -20.12 122.83 13.22 19.89 29.59 77.6 12.4 0.977 56.7 33.3 0.836 13.54 20.37 30.30 15.82 23.80 35.40
443 1084 1013 -20.12 122.84 13.99 22.13 30.49 77.7 12.3 0.977 56.7 33.3 0.836 14.32 22.65 31.21 16.74 26.48 36.48
444 1085 1013 -20.12 122.85 13.73 22.18 29.23 77.7 12.3 0.977 56.7 33.3 0.836 14.05 22.70 29.92 16.43 26.54 34.97
445 1086 1013 -20.12 122.86 13.01 20.78 28.68 77.8 12.2 0.977 56.6 33.4 0.835 13.31 21.26 29.34 15.58 24.89 34.35
446 1087 1013 -20.12 122.87 13.53 22.24 29.23 77.9 12.1 0.978 56.6 33.4 0.835 13.84 22.75 29.89 16.21 26.64 35.01
447 1088 1013 -20.12 122.88 13.22 21.29 28.68 78 12.0 0.978 56.6 33.4 0.835 13.52 21.77 29.32 15.84 25.50 34.35
448 1089 1013 -20.12 122.89 13.17 21.06 29.05 78 12.0 0.978 56.6 33.4 0.835 13.46 21.53 29.70 15.78 25.23 34.80
449 1090 1013 -20.12 122.9 13.47 22.07 30.13 78.1 11.9 0.979 56.6 33.4 0.835 13.77 22.55 30.79 16.13 26.44 36.09
450 1091 1013 -20.12 122.91 14.24 23.47 31.4 78.2 11.8 0.979 56.6 33.4 0.835 14.55 23.98 32.08 17.06 28.11 37.61
451 1092 1013 -20.12 122.92 14.29 23.53 31.4 78.3 11.7 0.979 56.6 33.4 0.835 14.59 24.03 32.07 17.12 28.18 37.61
452 1093 1013 -20.12 122.93 13.83 22.85 30.31 78.3 11.7 0.979 56.6 33.4 0.835 14.12 23.33 30.95 16.57 27.37 36.31
453 1094 1013 -20.12 122.94 13.78 22.8 30.31 78.4 11.6 0.980 56.6 33.4 0.835 14.07 23.28 30.94 16.51 27.31 36.31
454 1095 1013 -20.12 122.95 14.09 23.13 31.4 78.5 11.5 0.980 56.6 33.4 0.835 14.38 23.60 32.04 16.88 27.71 37.61
455 1096 1013 -20.12 122.96 14.75 24.03 32.48 78.6 11.4 0.980 56.6 33.4 0.835 15.05 24.51 33.13 17.67 28.78 38.91
456 1097 1013 -20.12 122.97 13.37 21.79 28.32 78.6 11.4 0.980 56.5 33.5 0.834 13.64 22.23 28.89 16.03 26.13 33.96
457 1098 1013 -20.12 122.98 11.58 18.26 25.61 78.7 11.3 0.981 56.5 33.5 0.834 11.81 18.62 26.12 13.89 21.90 30.71
458 1099 1013 -20.12 122.99 10.81 17.08 24.71 78.8 11.2 0.981 56.5 33.5 0.834 11.02 17.41 25.19 12.96 20.48 29.63
459 1100 1013 -20.12 123 11.68 18.37 26.33 78.9 11.1 0.981 56.5 33.5 0.834 11.90 18.72 26.83 14.01 22.03 31.58
460 1101 1013 -20.12 123.01 11.99 18.6 26.88 78.9 11.1 0.981 56.5 33.5 0.834 12.22 18.95 27.39 14.38 22.31 32.23
461 1102 1013 -20.12 123.02 13.07 20.45 30.13 79 11.0 0.982 56.5 33.5 0.834 13.31 20.83 30.69 15.67 24.52 36.13
462 1103 1013 -20.12 123.03 14.96 23.25 33.02 79.1 10.9 0.982 56.5 33.5 0.834 15.23 23.68 33.63 17.94 27.88 39.60
463 1104 1013 -20.12 123.04 15.57 24.37 33.75 79.2 10.8 0.982 56.5 33.5 0.834 15.85 24.81 34.36 18.67 29.22 40.47
464 1105 1013 -20.12 123.05 14.75 23.86 32.12 79.2 10.8 0.982 56.5 33.5 0.834 15.02 24.29 32.70 17.69 28.61 38.52
465 1106 1013 -20.12 123.06 15.06 24.25 33.02 79.3 10.7 0.983 56.5 33.5 0.834 15.33 24.68 33.60 18.06 29.08 39.60
466 1107 1013 -20.12 123.07 13.53 22.46 30.13 79.4 10.6 0.983 56.5 33.5 0.834 13.76 22.85 30.65 16.23 26.93 36.13
467 1108 1013 -20.12 123.08 13.42 22.01 28.86 79.5 10.5 0.983 56.4 33.6 0.833 13.65 22.38 29.35 16.11 26.43 34.65
468 1109 1013 -20.12 123.09 12.35 20.33 26.33 79.5 10.5 0.983 56.4 33.6 0.833 12.56 20.68 26.78 14.83 24.41 31.61
469 1110 1013 -20.12 123.1 11.33 18.88 25.07 79.6 10.4 0.984 56.4 33.6 0.833 11.52 19.20 25.49 13.60 22.67 30.10
470 1111 1013 -20.12 123.11 10.97 18.21 24.52 79.7 10.3 0.984 56.4 33.6 0.833 11.15 18.51 24.92 13.17 21.86 29.44
471 1112 1013 -20.12 123.12 11.33 18.6 25.07 79.8 10.2 0.984 56.4 33.6 0.833 11.51 18.90 25.47 13.60 22.33 30.10
472 956 1014 -20.13 121.56 11.94 20.17 26.51 68.5 21.5 0.930 57.8 32.2 0.846 12.83 21.68 28.49 14.11 23.84 31.33
473 957 1014 -20.13 121.57 10.92 18.77 24.71 68.6 21.4 0.931 57.8 32.2 0.846 11.73 20.16 26.54 12.90 22.18 29.20
474 958 1014 -20.13 121.58 11.12 18.77 25.61 68.6 21.4 0.931 57.8 32.2 0.846 11.94 20.16 27.51 13.14 22.18 30.26
475 959 1014 -20.13 121.59 11.89 19.89 27.06 68.7 21.3 0.932 57.8 32.2 0.846 12.76 21.35 29.04 14.05 23.51 31.98
476 960 1014 -20.13 121.6 12.61 20.5 28.14 68.8 21.2 0.932 57.8 32.2 0.846 13.53 21.99 30.18 14.90 24.23 33.25
477 961 1014 -20.13 121.61 12.45 20.45 28.86 68.9 21.1 0.933 57.8 32.2 0.846 13.34 21.92 30.93 14.71 24.17 34.11
478 962 1014 -20.13 121.62 13.42 21.79 29.95 68.9 21.1 0.933 57.8 32.2 0.846 14.38 23.36 32.10 15.86 25.75 35.39
479 963 1014 -20.13 121.63 13.58 21.73 29.95 69 21.0 0.934 57.8 32.2 0.846 14.55 23.28 32.08 16.05 25.68 35.39
480 964 1014 -20.13 121.64 13.53 21.68 29.95 69.1 20.9 0.934 57.8 32.2 0.846 14.48 23.21 32.06 15.99 25.62 35.39
481 965 1014 -20.13 121.65 13.78 22.41 29.95 69.1 20.9 0.934 57.8 32.2 0.846 14.75 23.99 32.06 16.28 26.48 35.39
482 966 1014 -20.13 121.66 13.37 21.96 29.41 69.2 20.8 0.935 57.8 32.2 0.846 14.30 23.49 31.46 15.80 25.95 34.76
483 967 1014 -20.13 121.67 12.91 21.23 29.23 69.3 20.7 0.935 57.7 32.3 0.845 13.80 22.70 31.25 15.27 25.12 34.58
484 968 1014 -20.13 121.68 13.37 21.57 29.77 69.3 20.7 0.935 57.7 32.3 0.845 14.29 23.06 31.82 15.82 25.52 35.22
485 969 1014 -20.13 121.69 13.37 21.79 29.23 69.4 20.6 0.936 57.7 32.3 0.845 14.28 23.28 31.23 15.82 25.78 34.58
486 970 1014 -20.13 121.7 12.45 20.73 26.69 69.5 20.5 0.937 57.7 32.3 0.845 13.29 22.13 28.49 14.73 24.52 31.58
487 971 1014 -20.13 121.71 10.66 18.37 24.52 69.5 20.5 0.937 57.7 32.3 0.845 11.38 19.61 26.18 12.61 21.73 29.01
488 972 1014 -20.13 121.72 10.97 19.1 26.15 69.6 20.4 0.937 57.7 32.3 0.845 11.70 20.38 27.90 12.98 22.60 30.94
489 973 1014 -20.13 121.73 11.17 19.66 25.07 69.7 20.3 0.938 57.7 32.3 0.845 11.91 20.96 26.73 13.21 23.26 29.66
490 974 1014 -20.13 121.74 9.54 16.86 22.54 69.8 20.2 0.938 57.7 32.3 0.845 10.17 17.96 24.02 11.29 19.95 26.67
491 975 1014 -20.13 121.75 8.87 15.12 21.27 69.8 20.2 0.938 57.7 32.3 0.845 9.45 16.11 22.66 10.49 17.89 25.16
492 976 1014 -20.13 121.76 8.31 13.84 20.37 69.9 20.1 0.939 57.7 32.3 0.845 8.85 14.74 21.69 9.83 16.37 24.10
493 977 1014 -20.13 121.77 8.26 13.61 20 70 20.0 0.940 57.7 32.3 0.845 8.79 14.48 21.28 9.77 16.10 23.66
494 978 1014 -20.13 121.78 8.41 13.72 20.18 70 20.0 0.940 57.6 32.4 0.844 8.95 14.60 21.48 9.96 16.25 23.90
495 979 1014 -20.13 121.79 8.72 14.06 21.45 70.1 19.9 0.940 57.6 32.4 0.844 9.27 14.95 22.81 10.33 16.65 25.40
496 980 1014 -20.13 121.8 8.61 14.23 21.45 70.2 19.8 0.941 57.6 32.4 0.844 9.15 15.12 22.80 10.20 16.85 25.40
497 981 1014 -20.13 121.81 8.46 14.4 21.27 70.2 19.8 0.941 57.6 32.4 0.844 8.99 15.30 22.61 10.02 17.05 25.19
498 982 1014 -20.13 121.82 9.07 15.07 22.72 70.3 19.7 0.941 57.6 32.4 0.844 9.63 16.01 24.13 10.74 17.85 26.91
499 983 1014 -20.13 121.83 9.13 15.01 22.72 70.4 19.6 0.942 57.6 32.4 0.844 9.69 15.93 24.12 10.81 17.78 26.91





  - 271 - 501 985 1014 -20.13 121.85 9.43 15.57 22.9 70.5 19.5 0.943 57.6 32.4 0.844 10.00 16.52 24.29 11.17 18.44 27.12
502 986 1014 -20.13 121.86 9.18 15.29 23.08 70.6 19.4 0.943 57.6 32.4 0.844 9.73 16.21 24.47 10.87 18.11 27.34
503 987 1014 -20.13 121.87 10.92 17.37 26.69 70.7 19.3 0.944 57.6 32.4 0.844 11.57 18.40 28.28 12.93 20.57 31.61
504 988 1014 -20.13 121.88 12.5 19.49 29.05 70.7 19.3 0.944 57.5 32.5 0.843 13.24 20.65 30.78 14.82 23.11 34.44
505 989 1014 -20.13 121.89 11.22 17.31 25.79 70.8 19.2 0.944 57.5 32.5 0.843 11.88 18.33 27.31 13.30 20.52 30.58
506 990 1014 -20.13 121.9 11.02 17.31 24.71 70.9 19.1 0.945 57.5 32.5 0.843 11.66 18.32 26.15 13.07 20.52 29.30
507 991 1014 -20.13 121.91 10.71 17.14 24.89 70.9 19.1 0.945 57.5 32.5 0.843 11.33 18.14 26.34 12.70 20.32 29.51
508 992 1014 -20.13 121.92 11.58 18.49 26.88 71 19.0 0.946 57.5 32.5 0.843 12.25 19.56 28.43 13.73 21.92 31.87
509 993 1014 -20.13 121.93 12.14 19.38 27.42 71.1 18.9 0.946 57.5 32.5 0.843 12.83 20.48 28.98 14.39 22.98 32.51
510 994 1014 -20.13 121.94 12.5 19.66 28.14 71.1 18.9 0.946 57.5 32.5 0.843 13.21 20.78 29.74 14.82 23.31 33.37
511 995 1014 -20.13 121.95 12.3 19.49 27.96 71.2 18.8 0.947 57.5 32.5 0.843 12.99 20.59 29.54 14.58 23.11 33.15
512 996 1014 -20.13 121.96 12.2 19.49 27.42 71.3 18.7 0.947 57.5 32.5 0.843 12.88 20.58 28.95 14.47 23.11 32.51
513 997 1014 -20.13 121.97 11.84 18.93 27.06 71.4 18.6 0.948 57.5 32.5 0.843 12.49 19.97 28.55 14.04 22.45 32.08
514 998 1014 -20.13 121.98 11.33 18.26 25.25 71.4 18.6 0.948 57.5 32.5 0.843 11.95 19.27 26.64 13.43 21.65 29.94
515 999 1014 -20.13 121.99 9.89 15.85 23.62 71.5 18.5 0.948 57.4 32.6 0.842 10.43 16.71 24.91 11.74 18.81 28.04
516 1000 1014 -20.13 122 10.61 16.58 26.15 71.6 18.4 0.949 57.4 32.6 0.842 11.18 17.47 27.56 12.59 19.68 31.04
517 1001 1014 -20.13 122.01 12.4 19.27 28.5 71.6 18.4 0.949 57.4 32.6 0.842 13.07 20.31 30.04 14.72 22.87 33.83
518 1002 1014 -20.13 122.02 12.25 19.83 27.78 71.7 18.3 0.949 57.4 32.6 0.842 12.90 20.89 29.26 14.54 23.54 32.98
519 1003 1014 -20.13 122.03 12.45 19.77 27.96 71.8 18.2 0.950 57.4 32.6 0.842 13.11 20.81 29.43 14.78 23.47 33.19
520 1004 1014 -20.13 122.04 12.25 19.89 27.78 71.9 18.1 0.951 57.4 32.6 0.842 12.89 20.93 29.23 14.54 23.61 32.98
521 1005 1014 -20.13 122.05 12.4 20.05 27.96 71.9 18.1 0.951 57.4 32.6 0.842 13.05 21.09 29.42 14.72 23.80 33.19
522 1006 1014 -20.13 122.06 12.3 19.77 28.14 72 18.0 0.951 57.4 32.6 0.842 12.93 20.79 29.59 14.60 23.47 33.40
523 1007 1014 -20.13 122.07 12.81 20.67 28.5 72.1 17.9 0.952 57.4 32.6 0.842 13.46 21.72 29.95 15.21 24.54 33.83
524 1008 1014 -20.13 122.08 12.45 20.61 27.24 72.1 17.9 0.952 57.4 32.6 0.842 13.08 21.66 28.63 14.78 24.46 32.33
525 1009 1014 -20.13 122.09 11.17 17.87 25.61 72.2 17.8 0.952 57.4 32.6 0.842 11.73 18.77 26.90 13.26 21.21 30.40
526 1010 1014 -20.13 122.1 10.2 16.47 25.07 72.3 17.7 0.953 57.3 32.7 0.842 10.71 17.29 26.32 12.12 19.57 29.79
527 1011 1014 -20.13 122.11 10.1 16.64 23.98 72.4 17.6 0.953 57.3 32.7 0.842 10.60 17.46 25.16 12.00 19.77 28.50
528 1012 1014 -20.13 122.12 9.43 15.52 22.9 72.4 17.6 0.953 57.3 32.7 0.842 9.89 16.28 24.02 11.21 18.44 27.21
529 1013 1014 -20.13 122.13 9.28 15.07 23.08 72.5 17.5 0.954 57.3 32.7 0.842 9.73 15.80 24.20 11.03 17.91 27.43
530 1014 1014 -20.13 122.14 9.64 15.57 23.98 72.6 17.4 0.954 57.3 32.7 0.842 10.10 16.32 25.13 11.46 18.50 28.50
531 1015 1014 -20.13 122.15 10.15 16.13 24.89 72.6 17.4 0.954 57.3 32.7 0.842 10.64 16.90 26.08 12.06 19.17 29.58
532 1016 1014 -20.13 122.16 10.05 16.36 24.34 72.7 17.3 0.955 57.3 32.7 0.842 10.53 17.14 25.49 11.94 19.44 28.92
533 1017 1014 -20.13 122.17 9.84 16.64 24.34 72.8 17.2 0.955 57.3 32.7 0.842 10.30 17.42 25.48 11.69 19.77 28.92
534 1018 1014 -20.13 122.18 10.56 17.53 26.15 72.9 17.1 0.956 57.3 32.7 0.842 11.05 18.34 27.36 12.55 20.83 31.08
535 1019 1014 -20.13 122.19 11.48 18.99 26.33 72.9 17.1 0.956 57.3 32.7 0.842 12.01 19.87 27.55 13.64 22.57 31.29
536 1020 1014 -20.13 122.2 10.76 17.93 24.52 73 17.0 0.956 57.3 32.7 0.842 11.25 18.75 25.64 12.79 21.31 29.14
537 1021 1014 -20.13 122.21 10.3 16.41 23.98 73.1 16.9 0.957 57.2 32.8 0.841 10.76 17.15 25.06 12.25 19.52 28.53
538 1022 1014 -20.13 122.22 10.56 16.92 23.98 73.1 16.9 0.957 57.2 32.8 0.841 11.04 17.68 25.06 12.56 20.13 28.53
539 1023 1014 -20.13 122.23 10.71 17.14 23.98 73.2 16.8 0.957 57.2 32.8 0.841 11.19 17.90 25.05 12.74 20.39 28.53
540 1024 1014 -20.13 122.24 10.76 17.25 23.98 73.3 16.7 0.958 57.2 32.8 0.841 11.23 18.01 25.04 12.80 20.52 28.53
541 1025 1014 -20.13 122.25 10.46 16.75 23.26 73.4 16.6 0.958 57.2 32.8 0.841 10.91 17.48 24.27 12.44 19.93 27.67
542 1026 1014 -20.13 122.26 9.18 14.96 21.99 73.4 16.6 0.958 57.2 32.8 0.841 9.58 15.61 22.95 10.92 17.80 26.16
543 1027 1014 -20.13 122.27 9.18 14.73 22.9 73.5 16.5 0.959 57.2 32.8 0.841 9.57 15.36 23.88 10.92 17.52 27.24
544 1028 1014 -20.13 122.28 9.84 15.57 24.71 73.6 16.4 0.959 57.2 32.8 0.841 10.26 16.23 25.76 11.71 18.52 29.40
545 1029 1014 -20.13 122.29 11.68 18.09 27.6 73.6 16.4 0.959 57.2 32.8 0.841 12.18 18.86 28.77 13.90 21.52 32.83
546 1030 1014 -20.13 122.3 11.68 17.98 26.69 73.7 16.3 0.960 57.2 32.8 0.841 12.17 18.73 27.81 13.90 21.39 31.75
547 1031 1014 -20.13 122.31 11.48 17.93 27.06 73.8 16.2 0.960 57.2 32.8 0.841 11.95 18.67 28.18 13.66 21.33 32.19
548 1032 1014 -20.13 122.32 11.22 17.7 25.97 73.9 16.1 0.961 57.1 32.9 0.840 11.68 18.42 27.03 13.36 21.08 30.93
549 1033 1014 -20.13 122.33 10.61 16.97 25.07 73.9 16.1 0.961 57.1 32.9 0.840 11.04 17.66 26.09 12.64 20.21 29.86
550 1034 1014 -20.13 122.34 10.4 16.52 24.71 74 16.0 0.961 57.1 32.9 0.840 10.82 17.19 25.71 12.39 19.68 29.43
551 1035 1014 -20.13 122.35 11.99 18.88 28.5 74.1 15.9 0.962 57.1 32.9 0.840 12.47 19.63 29.63 14.28 22.49 33.94
552 1036 1014 -20.13 122.36 12.4 19.77 28.68 74.1 15.9 0.962 57.1 32.9 0.840 12.89 20.56 29.82 14.77 23.55 34.16
553 1037 1014 -20.13 122.37 12.66 20.22 29.59 74.2 15.8 0.962 57.1 32.9 0.840 13.16 21.01 30.75 15.08 24.08 35.24
554 1038 1014 -20.13 122.38 12.76 20.22 29.59 74.3 15.7 0.963 57.1 32.9 0.840 13.25 21.00 30.74 15.20 24.08 35.24
555 1039 1014 -20.13 122.39 13.12 20.95 29.95 74.4 15.6 0.963 57.1 32.9 0.840 13.62 21.75 31.10 15.63 24.95 35.67
556 1040 1014 -20.13 122.4 13.01 20.95 29.59 74.4 15.6 0.963 57.1 32.9 0.840 13.51 21.75 30.72 15.50 24.95 35.24
557 1041 1014 -20.13 122.41 12.86 20.56 29.77 74.5 15.5 0.964 57.1 32.9 0.840 13.35 21.34 30.89 15.32 24.49 35.46
558 1042 1014 -20.13 122.42 12.86 20.39 29.59 74.6 15.4 0.964 57.1 32.9 0.840 13.34 21.15 30.69 15.32 24.28 35.24
559 1043 1014 -20.13 122.43 12.81 20.22 29.77 74.6 15.4 0.964 57 33 0.839 13.29 20.97 30.88 15.27 24.11 35.50
560 1044 1014 -20.13 122.44 12.91 20.56 29.95 74.7 15.3 0.965 57 33 0.839 13.38 21.32 31.05 15.39 24.51 35.71
561 1045 1014 -20.13 122.45 13.12 21.17 30.31 74.8 15.2 0.965 57 33 0.839 13.60 21.94 31.41 15.64 25.24 36.14
562 1046 1014 -20.13 122.46 12.81 20.78 29.23 74.9 15.1 0.965 57 33 0.839 13.27 21.52 30.28 15.27 24.78 34.85
563 1047 1014 -20.13 122.47 12.35 19.89 28.32 74.9 15.1 0.965 57 33 0.839 12.79 20.60 29.33 14.73 23.72 33.77
564 1048 1014 -20.13 122.48 12.5 20.22 28.5 75 15.0 0.966 57 33 0.839 12.94 20.93 29.51 14.90 24.11 33.98
565 1049 1014 -20.13 122.49 13.07 21.06 30.31 75.1 14.9 0.966 57 33 0.839 13.52 21.79 31.36 15.58 25.11 36.14
566 1050 1014 -20.13 122.5 14.45 23.08 33.02 75.2 14.8 0.967 57 33 0.839 14.95 23.87 34.15 17.23 27.52 39.37
567 1051 1014 -20.13 122.51 15.42 24.53 34.11 75.2 14.8 0.967 57 33 0.839 15.95 25.37 35.28 18.39 29.25 40.67
568 1052 1014 -20.13 122.52 13.83 22.46 31.03 75.3 14.7 0.967 57 33 0.839 14.30 23.22 32.08 16.49 26.78 37.00
569 1053 1014 -20.13 122.53 13.22 21.57 29.05 75.4 14.6 0.968 57 33 0.839 13.66 22.29 30.02 15.76 25.72 34.64
570 1054 1014 -20.13 122.54 12.3 20.56 28.5 75.4 14.6 0.968 56.9 33.1 0.838 12.71 21.25 29.45 14.68 24.54 34.02
571 1055 1014 -20.13 122.55 13.22 22.18 30.49 75.5 14.5 0.968 56.9 33.1 0.838 13.65 22.91 31.49 15.78 26.48 36.40
572 1056 1014 -20.13 122.56 13.99 23.08 30.67 75.6 14.4 0.969 56.9 33.1 0.838 14.44 23.83 31.66 16.70 27.55 36.61
573 1057 1014 -20.13 122.57 13.68 22.46 30.13 75.7 14.3 0.969 56.9 33.1 0.838 14.12 23.18 31.09 16.33 26.81 35.97
574 1058 1014 -20.13 122.58 13.58 22.13 30.49 75.7 14.3 0.969 56.9 33.1 0.838 14.01 22.84 31.46 16.21 26.42 36.40
575 1059 1014 -20.13 122.59 14.29 23.25 31.03 75.8 14.2 0.969 56.9 33.1 0.838 14.74 23.98 32.01 17.06 27.75 37.04
576 1060 1014 -20.13 122.6 14.29 23.58 31.58 75.9 14.1 0.970 56.9 33.1 0.838 14.73 24.31 32.56 17.06 28.15 37.70
577 1061 1014 -20.13 122.61 14.24 23.47 31.58 76 14.0 0.970 56.9 33.1 0.838 14.68 24.19 32.55 17.00 28.02 37.70
578 1062 1014 -20.13 122.62 14.14 23.19 31.03 76 14.0 0.970 56.9 33.1 0.838 14.57 23.90 31.98 16.88 27.68 37.04
579 1063 1014 -20.13 122.63 13.32 21.79 30.67 76.1 13.9 0.971 56.9 33.1 0.838 13.72 22.45 31.60 15.90 26.01 36.61
580 1064 1014 -20.13 122.64 14.45 22.97 32.3 76.2 13.8 0.971 56.9 33.1 0.838 14.88 23.65 33.26 17.25 27.42 38.56
581 1065 1014 -20.13 122.65 13.27 21.12 29.23 76.3 13.7 0.972 56.8 33.2 0.837 13.66 21.74 30.09 15.86 25.24 34.93
582 1066 1014 -20.13 122.66 12.96 20.28 28.14 76.3 13.7 0.972 56.8 33.2 0.837 13.34 20.87 28.96 15.49 24.24 33.63
583 1067 1014 -20.13 122.67 12.81 20.28 28.86 76.4 13.6 0.972 56.8 33.2 0.837 13.18 20.87 29.69 15.31 24.24 34.49
584 1068 1014 -20.13 122.68 13.58 22.35 30.13 76.5 13.5 0.972 56.8 33.2 0.837 13.97 22.99 30.99 16.23 26.71 36.01
585 1069 1014 -20.13 122.69 13.63 22.46 30.13 76.5 13.5 0.972 56.8 33.2 0.837 14.02 23.10 30.99 16.29 26.84 36.01
586 1070 1014 -20.13 122.7 13.73 22.41 30.13 76.6 13.4 0.973 56.8 33.2 0.837 14.11 23.04 30.97 16.41 26.78 36.01
587 1071 1014 -20.13 122.71 13.73 22.41 29.95 76.7 13.3 0.973 56.8 33.2 0.837 14.11 23.03 30.78 16.41 26.78 35.79
588 1072 1014 -20.13 122.72 14.14 22.91 30.67 76.8 13.2 0.974 56.8 33.2 0.837 14.52 23.53 31.50 16.90 27.38 36.65
589 1073 1014 -20.13 122.73 14.09 22.91 30.49 76.8 13.2 0.974 56.8 33.2 0.837 14.47 23.53 31.32 16.84 27.38 36.44
590 1074 1014 -20.13 122.74 13.73 22.41 30.31 76.9 13.1 0.974 56.8 33.2 0.837 14.10 23.01 31.12 16.41 26.78 36.22
591 1075 1014 -20.13 122.75 13.42 21.85 28.68 77 13.0 0.974 56.7 33.3 0.836 13.77 22.42 29.43 16.06 26.14 34.31
592 1076 1014 -20.13 122.76 12.2 19.72 26.33 77.1 12.9 0.975 56.7 33.3 0.836 12.52 20.23 27.01 14.60 23.59 31.50
593 1077 1014 -20.13 122.77 11.27 17.93 25.79 77.1 12.9 0.975 56.7 33.3 0.836 11.56 18.39 26.46 13.48 21.45 30.86
594 1078 1014 -20.13 122.78 11.43 18.15 25.43 77.2 12.8 0.975 56.7 33.3 0.836 11.72 18.61 26.08 13.68 21.72 30.43
595 1079 1014 -20.13 122.79 11.63 18.82 26.15 77.3 12.7 0.976 56.7 33.3 0.836 11.92 19.29 26.81 13.91 22.52 31.29
596 1080 1014 -20.13 122.8 12.25 19.83 27.24 77.4 12.6 0.976 56.7 33.3 0.836 12.55 20.32 27.91 14.66 23.73 32.59
597 1081 1014 -20.13 122.81 13.12 20.78 28.86 77.4 12.6 0.976 56.7 33.3 0.836 13.44 21.29 29.57 15.70 24.86 34.53
598 1082 1014 -20.13 122.82 13.99 22.13 30.49 77.5 12.5 0.976 56.7 33.3 0.836 14.33 22.67 31.23 16.74 26.48 36.48
599 1083 1014 -20.13 122.83 14.6 23.36 31.94 77.6 12.4 0.977 56.7 33.3 0.836 14.95 23.92 32.70 17.47 27.95 38.21





  - 272 - 601 1085 1014 -20.13 122.85 13.78 21.68 28.86 77.7 12.3 0.977 56.7 33.3 0.836 14.10 22.19 29.54 16.49 25.94 34.53
602 1086 1014 -20.13 122.86 13.83 22.01 29.59 77.8 12.2 0.977 56.6 33.4 0.835 14.15 22.52 30.27 16.57 26.36 35.44
603 1087 1014 -20.13 122.87 13.63 21.51 29.95 77.9 12.1 0.978 56.6 33.4 0.835 13.94 22.00 30.63 16.33 25.77 35.87
604 1088 1014 -20.13 122.88 14.34 22.85 29.77 77.9 12.1 0.978 56.6 33.4 0.835 14.67 23.37 30.45 17.18 27.37 35.66
605 1089 1014 -20.13 122.89 11.68 19.21 25.43 78 12.0 0.978 56.6 33.4 0.835 11.94 19.64 26.00 13.99 23.01 30.46
606 1090 1014 -20.13 122.9 11.74 19.21 26.15 78.1 11.9 0.979 56.6 33.4 0.835 12.00 19.63 26.72 14.06 23.01 31.32
607 1091 1014 -20.13 122.91 12.3 20.33 27.96 78.2 11.8 0.979 56.6 33.4 0.835 12.57 20.77 28.56 14.73 24.35 33.49
608 1092 1014 -20.13 122.92 13.22 21.9 29.59 78.2 11.8 0.979 56.6 33.4 0.835 13.51 22.37 30.23 15.84 26.23 35.44
609 1093 1014 -20.13 122.93 11.74 19.77 26.69 78.3 11.7 0.979 56.6 33.4 0.835 11.99 20.19 27.26 14.06 23.68 31.97
610 1094 1014 -20.13 122.94 13.27 22.13 29.59 78.4 11.6 0.980 56.6 33.4 0.835 13.55 22.59 30.21 15.90 26.51 35.44
611 1095 1014 -20.13 122.95 14.04 23.08 31.03 78.5 11.5 0.980 56.6 33.4 0.835 14.33 23.55 31.67 16.82 27.65 37.17
612 1096 1014 -20.13 122.96 14.5 23.47 31.76 78.5 11.5 0.980 56.6 33.4 0.835 14.80 23.95 32.41 17.37 28.11 38.04
613 1097 1014 -20.13 122.97 14.65 23.69 31.76 78.6 11.4 0.980 56.5 33.5 0.834 14.94 24.17 32.40 17.57 28.41 38.09
614 1098 1014 -20.13 122.98 13.58 21.85 28.32 78.7 11.3 0.981 56.5 33.5 0.834 13.85 22.28 28.88 16.29 26.20 33.96
615 1099 1014 -20.13 122.99 11.43 18.32 25.61 78.8 11.2 0.981 56.5 33.5 0.834 11.65 18.68 26.11 13.71 21.97 30.71
616 1100 1014 -20.13 123 12.55 19.38 27.6 78.8 11.2 0.981 56.5 33.5 0.834 12.79 19.76 28.14 15.05 23.24 33.10
617 1101 1014 -20.13 123.01 12.5 19.38 27.96 78.9 11.1 0.981 56.5 33.5 0.834 12.74 19.75 28.49 14.99 23.24 33.53
618 1102 1014 -20.13 123.02 12.66 19.66 27.6 79 11.0 0.982 56.5 33.5 0.834 12.90 20.03 28.12 15.18 23.58 33.10
619 1103 1014 -20.13 123.03 12.4 19.1 27.6 79.1 10.9 0.982 56.5 33.5 0.834 12.63 19.45 28.11 14.87 22.90 33.10
620 1104 1014 -20.13 123.04 13.01 20.61 28.86 79.1 10.9 0.982 56.5 33.5 0.834 13.25 20.99 29.39 15.60 24.72 34.61
621 1105 1014 -20.13 123.05 13.78 22.29 31.58 79.2 10.8 0.982 56.5 33.5 0.834 14.03 22.69 32.15 16.53 26.73 37.87
622 1106 1014 -20.13 123.06 12.14 20.22 27.96 79.3 10.7 0.983 56.5 33.5 0.834 12.35 20.58 28.45 14.56 24.25 33.53
623 1107 1014 -20.13 123.07 13.47 22.52 30.85 79.4 10.6 0.983 56.5 33.5 0.834 13.70 22.91 31.39 16.15 27.01 37.00
624 1108 1014 -20.13 123.08 14.4 23.47 30.49 79.4 10.6 0.983 56.4 33.6 0.833 14.65 23.88 31.02 17.29 28.18 36.61
625 1109 1014 -20.13 123.09 13.88 22.69 29.77 79.5 10.5 0.983 56.4 33.6 0.833 14.12 23.08 30.28 16.66 27.24 35.74
626 1110 1014 -20.13 123.1 13.32 21.51 28.14 79.6 10.4 0.984 56.4 33.6 0.833 13.54 21.87 28.61 15.99 25.82 33.78
627 1111 1014 -20.13 123.11 11.84 19.61 25.97 79.7 10.3 0.984 56.4 33.6 0.833 12.03 19.93 26.40 14.22 23.54 31.18
628 1112 1014 -20.13 123.12 11.43 18.88 25.43 79.7 10.3 0.984 56.4 33.6 0.833 11.62 19.19 25.85 13.72 22.67 30.53
629 956 1015 -20.14 121.56 11.68 20.05 25.79 68.5 21.5 0.930 57.8 32.2 0.846 12.55 21.55 27.72 13.80 23.69 30.48
630 957 1015 -20.14 121.57 11.38 20.11 25.25 68.6 21.4 0.931 57.8 32.2 0.846 12.22 21.60 27.12 13.45 23.77 29.84
631 958 1015 -20.14 121.58 11.84 19.94 27.06 68.6 21.4 0.931 57.8 32.2 0.846 12.72 21.42 29.06 13.99 23.56 31.98
632 959 1015 -20.14 121.59 12.81 21.17 27.96 68.7 21.3 0.932 57.8 32.2 0.846 13.75 22.72 30.01 15.14 25.02 33.04
633 960 1015 -20.14 121.6 12.25 20.22 27.42 68.8 21.2 0.932 57.8 32.2 0.846 13.14 21.69 29.41 14.48 23.90 32.40
634 961 1015 -20.14 121.61 12.4 20.39 28.14 68.8 21.2 0.932 57.8 32.2 0.846 13.30 21.87 30.18 14.65 24.10 33.25
635 962 1015 -20.14 121.62 11.79 18.82 27.6 68.9 21.1 0.933 57.8 32.2 0.846 12.64 20.17 29.58 13.93 22.24 32.62
636 963 1015 -20.14 121.63 11.48 18.37 26.69 69 21.0 0.934 57.8 32.2 0.846 12.30 19.68 28.59 13.57 21.71 31.54
637 964 1015 -20.14 121.64 11.63 18.71 27.6 69 21.0 0.934 57.8 32.2 0.846 12.46 20.04 29.56 13.74 22.11 32.62
638 965 1015 -20.14 121.65 13.37 21.51 29.59 69.1 20.9 0.934 57.8 32.2 0.846 14.31 23.02 31.67 15.80 25.42 34.97
639 966 1015 -20.14 121.66 13.58 21.96 29.77 69.2 20.8 0.935 57.8 32.2 0.846 14.53 23.49 31.85 16.05 25.95 35.18
640 967 1015 -20.14 121.67 13.47 21.73 29.95 69.3 20.7 0.935 57.7 32.3 0.845 14.40 23.23 32.02 15.94 25.71 35.43
641 968 1015 -20.14 121.68 13.42 21.68 29.77 69.3 20.7 0.935 57.7 32.3 0.845 14.35 23.18 31.82 15.88 25.65 35.22
642 969 1015 -20.14 121.69 13.47 21.68 29.77 69.4 20.6 0.936 57.7 32.3 0.845 14.39 23.16 31.80 15.94 25.65 35.22
643 970 1015 -20.14 121.7 13.22 21.23 29.05 69.5 20.5 0.937 57.7 32.3 0.845 14.11 22.67 31.01 15.64 25.12 34.37
644 971 1015 -20.14 121.71 12.61 20.61 28.14 69.5 20.5 0.937 57.7 32.3 0.845 13.46 22.00 30.04 14.92 24.38 33.29
645 972 1015 -20.14 121.72 12.4 21.29 27.6 69.6 20.4 0.937 57.7 32.3 0.845 13.23 22.71 29.45 14.67 25.19 32.65
646 973 1015 -20.14 121.73 11.07 19.33 24.89 69.7 20.3 0.938 57.7 32.3 0.845 11.80 20.61 26.54 13.10 22.87 29.45
647 974 1015 -20.14 121.74 9.33 16.13 22.54 69.7 20.3 0.938 57.7 32.3 0.845 9.95 17.20 24.03 11.04 19.08 26.67
648 975 1015 -20.14 121.75 9.43 15.74 21.99 69.8 20.2 0.938 57.7 32.3 0.845 10.05 16.77 23.43 11.16 18.62 26.02
649 976 1015 -20.14 121.76 8.26 13.67 20 69.9 20.1 0.939 57.7 32.3 0.845 8.80 14.56 21.30 9.77 16.17 23.66
650 977 1015 -20.14 121.77 7.9 12.72 19.82 69.9 20.1 0.939 57.7 32.3 0.845 8.41 13.54 21.11 9.35 15.05 23.45
651 978 1015 -20.14 121.78 8.51 13.39 20.55 70 20.0 0.940 57.6 32.4 0.844 9.06 14.25 21.87 10.08 15.86 24.34
652 979 1015 -20.14 121.79 8.77 13.78 21.27 70.1 19.9 0.940 57.6 32.4 0.844 9.33 14.66 22.62 10.39 16.32 25.19
653 980 1015 -20.14 121.8 8.92 14.23 21.81 70.2 19.8 0.941 57.6 32.4 0.844 9.48 15.12 23.18 10.56 16.85 25.83
654 981 1015 -20.14 121.81 9.23 15.07 22.9 70.2 19.8 0.941 57.6 32.4 0.844 9.81 16.02 24.34 10.93 17.85 27.12
655 982 1015 -20.14 121.82 10.1 15.85 24.34 70.3 19.7 0.941 57.6 32.4 0.844 10.73 16.84 25.85 11.96 18.77 28.83
656 983 1015 -20.14 121.83 10.25 16.24 24.71 70.4 19.6 0.942 57.6 32.4 0.844 10.88 17.24 26.23 12.14 19.23 29.27
657 984 1015 -20.14 121.84 10.81 17.08 25.61 70.4 19.6 0.942 57.6 32.4 0.844 11.47 18.13 27.19 12.80 20.23 30.33
658 985 1015 -20.14 121.85 11.22 17.81 25.79 70.5 19.5 0.943 57.6 32.4 0.844 11.90 18.89 27.36 13.29 21.09 30.55
659 986 1015 -20.14 121.86 10.76 17.2 24.71 70.6 19.4 0.943 57.6 32.4 0.844 11.41 18.24 26.20 12.74 20.37 29.27
660 987 1015 -20.14 121.87 10.3 16.08 24.52 70.6 19.4 0.943 57.6 32.4 0.844 10.92 17.05 26.00 12.20 19.04 29.04
661 988 1015 -20.14 121.88 10.56 16.19 24.52 70.7 19.3 0.944 57.5 32.5 0.843 11.19 17.15 25.98 12.52 19.20 29.07
662 989 1015 -20.14 121.89 9.89 15.4 23.08 70.8 19.2 0.944 57.5 32.5 0.843 10.47 16.31 24.44 11.73 18.26 27.37
663 990 1015 -20.14 121.9 9.74 15.29 23.08 70.9 19.1 0.945 57.5 32.5 0.843 10.31 16.18 24.42 11.55 18.13 27.37
664 991 1015 -20.14 121.91 10.4 16.52 24.89 70.9 19.1 0.945 57.5 32.5 0.843 11.01 17.48 26.34 12.33 19.59 29.51
665 992 1015 -20.14 121.92 11.63 18.26 26.33 71 19.0 0.946 57.5 32.5 0.843 12.30 19.31 27.85 13.79 21.65 31.22
666 993 1015 -20.14 121.93 11.84 19.16 26.88 71.1 18.9 0.946 57.5 32.5 0.843 12.51 20.25 28.41 14.04 22.72 31.87
667 994 1015 -20.14 121.94 12.25 20.05 27.6 71.1 18.9 0.946 57.5 32.5 0.843 12.95 21.19 29.17 14.52 23.77 32.73
668 995 1015 -20.14 121.95 12.35 19.89 27.96 71.2 18.8 0.947 57.5 32.5 0.843 13.05 21.01 29.54 14.64 23.58 33.15
669 996 1015 -20.14 121.96 12.04 19.66 27.42 71.3 18.7 0.947 57.5 32.5 0.843 12.71 20.76 28.95 14.28 23.31 32.51
670 997 1015 -20.14 121.97 11.84 18.88 26.88 71.3 18.7 0.947 57.5 32.5 0.843 12.50 19.93 28.38 14.04 22.39 31.87
671 998 1015 -20.14 121.98 11.33 17.87 26.15 71.4 18.6 0.948 57.5 32.5 0.843 11.95 18.85 27.59 13.43 21.19 31.01
672 999 1015 -20.14 121.99 11.22 17.48 26.51 71.5 18.5 0.948 57.4 32.6 0.842 11.83 18.43 27.95 13.32 20.75 31.47
673 1000 1015 -20.14 122 11.63 17.93 27.06 71.6 18.4 0.949 57.4 32.6 0.842 12.26 18.90 28.52 13.80 21.28 32.12
674 1001 1015 -20.14 122.01 12.04 18.65 27.96 71.6 18.4 0.949 57.4 32.6 0.842 12.69 19.65 29.47 14.29 22.14 33.19
675 1002 1015 -20.14 122.02 12.14 18.88 27.6 71.7 18.3 0.949 57.4 32.6 0.842 12.79 19.89 29.07 14.41 22.41 32.76
676 1003 1015 -20.14 122.03 11.48 18.09 25.97 71.8 18.2 0.950 57.4 32.6 0.842 12.08 19.04 27.34 13.63 21.47 30.83
677 1004 1015 -20.14 122.04 12.25 19.83 27.6 71.8 18.2 0.950 57.4 32.6 0.842 12.90 20.87 29.05 14.54 23.54 32.76
678 1005 1015 -20.14 122.05 12.25 20 26.51 71.9 18.1 0.951 57.4 32.6 0.842 12.89 21.04 27.89 14.54 23.74 31.47
679 1006 1015 -20.14 122.06 11.07 18.21 24.16 72 18.0 0.951 57.4 32.6 0.842 11.64 19.15 25.40 13.14 21.62 28.68
680 1007 1015 -20.14 122.07 10.2 16.8 24.16 72.1 17.9 0.952 57.4 32.6 0.842 10.72 17.65 25.39 12.11 19.94 28.68
681 1008 1015 -20.14 122.08 10.71 17.59 25.79 72.1 17.9 0.952 57.4 32.6 0.842 11.25 18.48 27.10 12.71 20.88 30.61
682 1009 1015 -20.14 122.09 11.68 18.99 26.88 72.2 17.8 0.952 57.4 32.6 0.842 12.27 19.94 28.23 13.86 22.54 31.91
683 1010 1015 -20.14 122.1 10.3 16.92 24.16 72.3 17.7 0.953 57.3 32.7 0.842 10.81 17.76 25.36 12.24 20.11 28.71
684 1011 1015 -20.14 122.11 8.87 14.34 21.81 72.3 17.7 0.953 57.3 32.7 0.842 9.31 15.05 22.89 10.54 17.04 25.92
685 1012 1015 -20.14 122.12 8.72 14 21.63 72.4 17.6 0.953 57.3 32.7 0.842 9.15 14.69 22.69 10.36 16.64 25.70
686 1013 1015 -20.14 122.13 8.72 14.28 21.81 72.5 17.5 0.954 57.3 32.7 0.842 9.14 14.97 22.87 10.36 16.97 25.92
687 1014 1015 -20.14 122.14 9.07 14.9 22.72 72.5 17.5 0.954 57.3 32.7 0.842 9.51 15.62 23.82 10.78 17.71 27.00
688 1015 1015 -20.14 122.15 9.48 15.8 23.62 72.6 17.4 0.954 57.3 32.7 0.842 9.93 16.56 24.75 11.27 18.78 28.07
689 1016 1015 -20.14 122.16 10.05 16.36 24.34 72.7 17.3 0.955 57.3 32.7 0.842 10.53 17.14 25.49 11.94 19.44 28.92
690 1017 1015 -20.14 122.17 9.74 16.3 24.16 72.8 17.2 0.955 57.3 32.7 0.842 10.20 17.06 25.29 11.57 19.37 28.71
691 1018 1015 -20.14 122.18 10.4 17.14 25.79 72.8 17.2 0.955 57.3 32.7 0.842 10.89 17.94 27.00 12.36 20.37 30.65
692 1019 1015 -20.14 122.19 11.22 18.32 26.51 72.9 17.1 0.956 57.3 32.7 0.842 11.74 19.17 27.74 13.33 21.77 31.50
693 1020 1015 -20.14 122.2 11.48 18.71 26.33 73 17.0 0.956 57.3 32.7 0.842 12.00 19.56 27.53 13.64 22.23 31.29
694 1021 1015 -20.14 122.21 11.02 17.48 25.07 73 17.0 0.956 57.2 32.8 0.841 11.52 18.28 26.22 13.11 20.80 29.83
695 1022 1015 -20.14 122.22 10.66 16.86 25.07 73.1 16.9 0.957 57.2 32.8 0.841 11.14 17.62 26.20 12.68 20.06 29.83
696 1023 1015 -20.14 122.23 11.63 18.37 26.15 73.2 16.8 0.957 57.2 32.8 0.841 12.15 19.19 27.32 13.84 21.85 31.11
697 1024 1015 -20.14 122.24 10.66 16.92 23.98 73.3 16.7 0.958 57.2 32.8 0.841 11.13 17.67 25.04 12.68 20.13 28.53







  - 273 - 699 1026 1015 -20.14 122.26 9.02 14.84 21.63 73.4 16.6 0.958 57.2 32.8 0.841 9.41 15.49 22.57 10.73 17.65 25.73
700 1027 1015 -20.14 122.27 8.67 14.45 22.17 73.5 16.5 0.959 57.2 32.8 0.841 9.04 15.07 23.12 10.31 17.19 26.38
701 1028 1015 -20.14 122.28 9.59 15.63 23.62 73.5 16.5 0.959 57.2 32.8 0.841 10.00 16.30 24.63 11.41 18.59 28.10
702 1029 1015 -20.14 122.29 10 16.08 24.71 73.6 16.4 0.959 57.2 32.8 0.841 10.42 16.76 25.76 11.90 19.13 29.40
703 1030 1015 -20.14 122.3 11.22 17.42 27.24 73.7 16.3 0.960 57.2 32.8 0.841 11.69 18.15 28.38 13.35 20.72 32.41
704 1031 1015 -20.14 122.31 11.27 17.65 27.06 73.8 16.2 0.960 57.2 32.8 0.841 11.74 18.38 28.18 13.41 21.00 32.19
705 1032 1015 -20.14 122.32 11.48 17.81 27.06 73.8 16.2 0.960 57.1 32.9 0.840 11.95 18.55 28.18 13.67 21.21 32.23
706 1033 1015 -20.14 122.33 11.22 17.59 26.33 73.9 16.1 0.961 57.1 32.9 0.840 11.68 18.31 27.40 13.36 20.95 31.36
707 1034 1015 -20.14 122.34 10.76 16.97 25.25 74 16.0 0.961 57.1 32.9 0.840 11.19 17.65 26.27 12.82 20.21 30.07
708 1035 1015 -20.14 122.35 10.61 16.64 25.43 74.1 15.9 0.962 57.1 32.9 0.840 11.03 17.30 26.44 12.64 19.82 30.29
709 1036 1015 -20.14 122.36 11.89 18.77 28.32 74.1 15.9 0.962 57.1 32.9 0.840 12.36 19.52 29.45 14.16 22.36 33.73
710 1037 1015 -20.14 122.37 12.5 19.72 29.05 74.2 15.8 0.962 57.1 32.9 0.840 12.99 20.49 30.19 14.89 23.49 34.60
711 1038 1015 -20.14 122.38 12.96 20.45 30.31 74.3 15.7 0.963 57.1 32.9 0.840 13.46 21.24 31.48 15.44 24.36 36.10
712 1039 1015 -20.14 122.39 13.07 20.45 29.77 74.3 15.7 0.963 57.1 32.9 0.840 13.58 21.24 30.92 15.57 24.36 35.46
713 1040 1015 -20.14 122.4 12.35 19.66 28.32 74.4 15.6 0.963 57.1 32.9 0.840 12.82 20.41 29.40 14.71 23.42 33.73
714 1041 1015 -20.14 122.41 11.74 19.21 27.78 74.5 15.5 0.964 57.1 32.9 0.840 12.18 19.94 28.83 13.98 22.88 33.09
715 1042 1015 -20.14 122.42 12.5 19.72 28.86 74.6 15.4 0.964 57.1 32.9 0.840 12.97 20.45 29.93 14.89 23.49 34.37
716 1043 1015 -20.14 122.43 12.4 19.83 28.68 74.6 15.4 0.964 57 33 0.839 12.86 20.57 29.75 14.79 23.64 34.20
717 1044 1015 -20.14 122.44 12.4 20.17 29.23 74.7 15.3 0.965 57 33 0.839 12.86 20.91 30.30 14.79 24.05 34.85
718 1045 1015 -20.14 122.45 12.61 20.45 29.23 74.8 15.2 0.965 57 33 0.839 13.07 21.19 30.29 15.04 24.38 34.85
719 1046 1015 -20.14 122.46 12.55 20.28 29.59 74.8 15.2 0.965 57 33 0.839 13.00 21.02 30.66 14.96 24.18 35.28
720 1047 1015 -20.14 122.47 13.07 20.95 29.95 74.9 15.1 0.965 57 33 0.839 13.54 21.70 31.02 15.58 24.98 35.71
721 1048 1015 -20.14 122.48 12.35 19.83 28.14 75 15.0 0.966 57 33 0.839 12.79 20.53 29.13 14.73 23.64 33.55
722 1049 1015 -20.14 122.49 12.76 20.45 29.95 75.1 14.9 0.966 57 33 0.839 13.20 21.16 30.99 15.21 24.38 35.71
723 1050 1015 -20.14 122.5 14.65 23.41 33.02 75.1 14.9 0.966 57 33 0.839 15.16 24.22 34.17 17.47 27.91 39.37
724 1051 1015 -20.14 122.51 14.81 23.64 33.2 75.2 14.8 0.967 57 33 0.839 15.32 24.45 34.34 17.66 28.19 39.59
725 1052 1015 -20.14 122.52 13.78 22.35 31.58 75.3 14.7 0.967 57 33 0.839 14.25 23.11 32.65 16.43 26.65 37.65
726 1053 1015 -20.14 122.53 14.04 23.02 31.94 75.4 14.6 0.968 57 33 0.839 14.51 23.79 33.01 16.74 27.45 38.08
727 1054 1015 -20.14 122.54 13.37 21.96 30.49 75.4 14.6 0.968 56.9 33.1 0.838 13.82 22.69 31.51 15.96 26.21 36.40
728 1055 1015 -20.14 122.55 14.19 23.25 31.94 75.5 14.5 0.968 56.9 33.1 0.838 14.66 24.01 32.99 16.94 27.75 38.13
729 1056 1015 -20.14 122.56 14.19 23.3 30.85 75.6 14.4 0.969 56.9 33.1 0.838 14.65 24.06 31.85 16.94 27.81 36.83
730 1057 1015 -20.14 122.57 13.27 22.01 29.05 75.7 14.3 0.969 56.9 33.1 0.838 13.69 22.71 29.98 15.84 26.27 34.68
731 1058 1015 -20.14 122.58 13.12 21.79 28.68 75.7 14.3 0.969 56.9 33.1 0.838 13.54 22.49 29.60 15.66 26.01 34.24
732 1059 1015 -20.14 122.59 13.42 21.96 29.77 75.8 14.2 0.969 56.9 33.1 0.838 13.84 22.65 30.71 16.02 26.21 35.54
733 1060 1015 -20.14 122.6 13.73 22.69 30.67 75.9 14.1 0.970 56.9 33.1 0.838 14.16 23.39 31.62 16.39 27.09 36.61
734 1061 1015 -20.14 122.61 14.34 23.86 31.58 75.9 14.1 0.970 56.9 33.1 0.838 14.79 24.60 32.56 17.12 28.48 37.70
735 1062 1015 -20.14 122.62 14.4 23.86 31.94 76 14.0 0.970 56.9 33.1 0.838 14.84 24.59 32.92 17.19 28.48 38.13
736 1063 1015 -20.14 122.63 14.14 23.41 30.85 76.1 13.9 0.971 56.9 33.1 0.838 14.57 24.12 31.78 16.88 27.94 36.83
737 1064 1015 -20.14 122.64 13.53 22.41 29.59 76.2 13.8 0.971 56.9 33.1 0.838 13.93 23.08 30.47 16.15 26.75 35.32
738 1065 1015 -20.14 122.65 13.27 21.12 29.23 76.2 13.8 0.971 56.8 33.2 0.837 13.66 21.75 30.10 15.86 25.24 34.93
739 1066 1015 -20.14 122.66 14.24 23.3 31.03 76.3 13.7 0.972 56.8 33.2 0.837 14.66 23.98 31.94 17.02 27.85 37.08
740 1067 1015 -20.14 122.67 13.88 22.69 30.31 76.4 13.6 0.972 56.8 33.2 0.837 14.28 23.34 31.18 16.59 27.12 36.22
741 1068 1015 -20.14 122.68 13.63 22.29 29.59 76.5 13.5 0.972 56.8 33.2 0.837 14.02 22.92 30.43 16.29 26.64 35.36
742 1069 1015 -20.14 122.69 13.17 21.68 28.68 76.5 13.5 0.972 56.8 33.2 0.837 13.54 22.30 29.49 15.74 25.91 34.27
743 1070 1015 -20.14 122.7 12.86 21.12 28.68 76.6 13.4 0.973 56.8 33.2 0.837 13.22 21.71 29.48 15.37 25.24 34.27
744 1071 1015 -20.14 122.71 13.42 21.9 29.95 76.7 13.3 0.973 56.8 33.2 0.837 13.79 22.50 30.78 16.04 26.17 35.79
745 1072 1015 -20.14 122.72 13.58 22.35 29.59 76.7 13.3 0.973 56.8 33.2 0.837 13.95 22.97 30.41 16.23 26.71 35.36
746 1073 1015 -20.14 122.73 14.14 23.02 30.67 76.8 13.2 0.974 56.8 33.2 0.837 14.52 23.64 31.50 16.90 27.51 36.65
747 1074 1015 -20.14 122.74 13.88 22.18 29.95 76.9 13.1 0.974 56.8 33.2 0.837 14.25 22.77 30.75 16.59 26.51 35.79
748 1075 1015 -20.14 122.75 14.04 22.85 30.67 77 13.0 0.974 56.7 33.3 0.836 14.41 23.45 31.48 16.80 27.34 36.70
749 1076 1015 -20.14 122.76 14.6 23.36 31.03 77 13.0 0.974 56.7 33.3 0.836 14.98 23.97 31.85 17.47 27.95 37.13
750 1077 1015 -20.14 122.77 13.32 20.95 27.96 77.1 12.9 0.975 56.7 33.3 0.836 13.66 21.49 28.68 15.94 25.07 33.45
751 1078 1015 -20.14 122.78 11.79 18.71 25.61 77.2 12.8 0.975 56.7 33.3 0.836 12.09 19.19 26.26 14.11 22.39 30.64
752 1079 1015 -20.14 122.79 12.76 20.5 28.86 77.3 12.7 0.976 56.7 33.3 0.836 13.08 21.01 29.58 15.27 24.53 34.53
753 1080 1015 -20.14 122.8 14.91 24.03 32.12 77.3 12.7 0.976 56.7 33.3 0.836 15.28 24.63 32.93 17.84 28.75 38.43
754 1081 1015 -20.14 122.81 15.06 23.81 32.66 77.4 12.6 0.976 56.7 33.3 0.836 15.43 24.40 33.47 18.02 28.49 39.08
755 1082 1015 -20.14 122.82 15.32 24.37 33.2 77.5 12.5 0.976 56.7 33.3 0.836 15.69 24.96 34.01 18.33 29.16 39.72
756 1083 1015 -20.14 122.83 15.68 24.87 33.93 77.6 12.4 0.977 56.7 33.3 0.836 16.05 25.46 34.74 18.76 29.76 40.60
757 1084 1015 -20.14 122.84 15.88 24.98 33.93 77.6 12.4 0.977 56.7 33.3 0.836 16.26 25.58 34.74 19.00 29.89 40.60
758 1085 1015 -20.14 122.85 14.55 23.36 30.67 77.7 12.3 0.977 56.7 33.3 0.836 14.89 23.91 31.39 17.41 27.95 36.70
759 1086 1015 -20.14 122.86 12.04 19.27 26.33 77.8 12.2 0.977 56.6 33.4 0.835 12.32 19.72 26.94 14.42 23.08 31.54
760 1087 1015 -20.14 122.87 12.14 19.55 28.5 77.9 12.1 0.978 56.6 33.4 0.835 12.42 19.99 29.15 14.54 23.42 34.14
761 1088 1015 -20.14 122.88 14.81 23.3 32.48 77.9 12.1 0.978 56.6 33.4 0.835 15.15 23.83 33.22 17.74 27.91 38.91
762 1089 1015 -20.14 122.89 15.42 24.53 32.66 78 12.0 0.978 56.6 33.4 0.835 15.76 25.08 33.39 18.47 29.38 39.12
763 1090 1015 -20.14 122.9 12.4 20.5 26.15 78.1 11.9 0.979 56.6 33.4 0.835 12.67 20.95 26.72 14.85 24.56 31.32
764 1091 1015 -20.14 122.91 10.56 17.48 24.34 78.2 11.8 0.979 56.6 33.4 0.835 10.79 17.86 24.87 12.65 20.94 29.16
765 1092 1015 -20.14 122.92 11.33 18.82 26.15 78.2 11.8 0.979 56.6 33.4 0.835 11.57 19.23 26.71 13.57 22.54 31.32
766 1093 1015 -20.14 122.93 12.2 20.33 27.06 78.3 11.7 0.979 56.6 33.4 0.835 12.46 20.76 27.63 14.61 24.35 32.41
767 1094 1015 -20.14 122.94 11.63 19.05 26.69 78.4 11.6 0.980 56.6 33.4 0.835 11.87 19.45 27.25 13.93 22.82 31.97
768 1095 1015 -20.14 122.95 14.14 22.85 30.85 78.4 11.6 0.980 56.6 33.4 0.835 14.43 23.33 31.49 16.94 27.37 36.95
769 1096 1015 -20.14 122.96 13.83 21.96 29.41 78.5 11.5 0.980 56.6 33.4 0.835 14.11 22.41 30.01 16.57 26.30 35.23
770 1097 1015 -20.14 122.97 12.45 19.77 27.78 78.6 11.4 0.980 56.5 33.5 0.834 12.70 20.17 28.34 14.93 23.71 33.31
771 1098 1015 -20.14 122.98 12.61 20.17 28.86 78.7 11.3 0.981 56.5 33.5 0.834 12.86 20.57 29.43 15.12 24.19 34.61
772 1099 1015 -20.14 122.99 14.14 22.29 31.03 78.7 11.3 0.981 56.5 33.5 0.834 14.42 22.73 31.64 16.96 26.73 37.21
773 1100 1015 -20.14 123 12.61 19.66 28.14 78.8 11.2 0.981 56.5 33.5 0.834 12.85 20.04 28.69 15.12 23.58 33.75
774 1101 1015 -20.14 123.01 12.91 19.94 28.5 78.9 11.1 0.981 56.5 33.5 0.834 13.16 20.32 29.04 15.48 23.91 34.18
775 1102 1015 -20.14 123.02 12.61 19.66 27.6 79 11.0 0.982 56.5 33.5 0.834 12.85 20.03 28.12 15.12 23.58 33.10
776 1103 1015 -20.14 123.03 11.63 18.15 26.15 79 11.0 0.982 56.5 33.5 0.834 11.85 18.49 26.64 13.95 21.77 31.36
777 1104 1015 -20.14 123.04 11.63 18.15 27.06 79.1 10.9 0.982 56.5 33.5 0.834 11.84 18.48 27.56 13.95 21.77 32.45
778 1105 1015 -20.14 123.05 12.2 19.44 26.88 79.2 10.8 0.982 56.5 33.5 0.834 12.42 19.79 27.36 14.63 23.31 32.23
779 1106 1015 -20.14 123.06 12.71 19.66 28.14 79.3 10.7 0.983 56.5 33.5 0.834 12.93 20.01 28.64 15.24 23.58 33.75
780 1107 1015 -20.14 123.07 12.91 20.5 28.68 79.3 10.7 0.983 56.5 33.5 0.834 13.14 20.86 29.19 15.48 24.58 34.39
781 1108 1015 -20.14 123.08 12.91 21.34 29.05 79.4 10.6 0.983 56.4 33.6 0.833 13.13 21.71 29.55 15.50 25.62 34.88
782 1109 1015 -20.14 123.09 13.47 21.62 29.77 79.5 10.5 0.983 56.4 33.6 0.833 13.70 21.99 30.28 16.17 25.96 35.74
783 1110 1015 -20.14 123.1 13.42 21.62 28.86 79.6 10.4 0.984 56.4 33.6 0.833 13.64 21.98 29.34 16.11 25.96 34.65
784 1111 1015 -20.14 123.11 12.25 20.33 26.51 79.6 10.4 0.984 56.4 33.6 0.833 12.45 20.67 26.95 14.71 24.41 31.83
785 1112 1015 -20.14 123.12 11.22 18.99 25.25 79.7 10.3 0.984 56.4 33.6 0.833 11.40 19.30 25.66 13.47 22.80 30.31
786 956 1016 -20.15 121.56 12.14 20.11 26.88 68.5 21.5 0.930 57.8 32.2 0.846 13.05 21.61 28.89 14.35 23.77 31.77
787 957 1016 -20.15 121.57 11.99 20.39 26.69 68.5 21.5 0.930 57.8 32.2 0.846 12.89 21.91 28.69 14.17 24.10 31.54
788 958 1016 -20.15 121.58 11.79 20.11 27.06 68.6 21.4 0.931 57.8 32.2 0.846 12.66 21.60 29.06 13.93 23.77 31.98
789 959 1016 -20.15 121.59 12.3 20.56 27.78 68.7 21.3 0.932 57.8 32.2 0.846 13.20 22.07 29.82 14.54 24.30 32.83
790 960 1016 -20.15 121.6 12.35 20.73 27.96 68.8 21.2 0.932 57.8 32.2 0.846 13.25 22.23 29.99 14.59 24.50 33.04
791 961 1016 -20.15 121.61 12.55 20.67 27.24 68.8 21.2 0.932 57.8 32.2 0.846 13.46 22.17 29.22 14.83 24.43 32.19
792 962 1016 -20.15 121.62 11.63 19.16 27.06 68.9 21.1 0.933 57.8 32.2 0.846 12.47 20.54 29.00 13.74 22.64 31.98
793 963 1016 -20.15 121.63 11.84 19.21 27.96 69 21.0 0.934 57.8 32.2 0.846 12.68 20.58 29.95 13.99 22.70 33.04
794 964 1016 -20.15 121.64 11.89 19.33 27.24 69 21.0 0.934 57.8 32.2 0.846 12.74 20.71 29.18 14.05 22.84 32.19
795 965 1016 -20.15 121.65 12.2 19.55 27.06 69.1 20.9 0.934 57.8 32.2 0.846 13.06 20.93 28.97 14.42 23.10 31.98
796 966 1016 -20.15 121.66 12.14 19.44 27.6 69.2 20.8 0.935 57.8 32.2 0.846 12.99 20.80 29.52 14.35 22.97 32.62
797 967 1016 -20.15 121.67 12.91 20.78 29.05 69.2 20.8 0.935 57.7 32.3 0.845 13.81 22.23 31.08 15.27 24.58 34.37






  - 274 - 799 969 1016 -20.15 121.69 14.04 22.63 30.13 69.4 20.6 0.936 57.7 32.3 0.845 15.00 24.18 32.19 16.61 26.77 35.65
800 970 1016 -20.15 121.7 13.22 21.57 29.05 69.4 20.6 0.936 57.7 32.3 0.845 14.12 23.04 31.03 15.64 25.52 34.37
801 971 1016 -20.15 121.71 13.27 21.68 29.59 69.5 20.5 0.937 57.7 32.3 0.845 14.17 23.15 31.59 15.70 25.65 35.01
802 972 1016 -20.15 121.72 13.83 22.24 29.77 69.6 20.4 0.937 57.7 32.3 0.845 14.76 23.73 31.76 16.36 26.31 35.22
803 973 1016 -20.15 121.73 12.55 20.39 27.24 69.7 20.3 0.938 57.7 32.3 0.845 13.38 21.74 29.04 14.85 24.12 32.23
804 974 1016 -20.15 121.74 9.79 16.69 23.26 69.7 20.3 0.938 57.7 32.3 0.845 10.44 17.80 24.80 11.58 19.75 27.52
805 975 1016 -20.15 121.75 8.61 14.68 21.09 69.8 20.2 0.938 57.7 32.3 0.845 9.17 15.64 22.47 10.19 17.37 24.95
806 976 1016 -20.15 121.76 8.15 14.28 20.55 69.9 20.1 0.939 57.7 32.3 0.845 8.68 15.21 21.88 9.64 16.89 24.31
807 977 1016 -20.15 121.77 8.31 14.23 20.91 69.9 20.1 0.939 57.6 32.4 0.844 8.85 15.15 22.27 9.84 16.85 24.77
808 978 1016 -20.15 121.78 8.67 14.45 21.45 70 20.0 0.940 57.6 32.4 0.844 9.23 15.38 22.83 10.27 17.11 25.40
809 979 1016 -20.15 121.79 8.72 14.23 21.63 70.1 19.9 0.940 57.6 32.4 0.844 9.27 15.13 23.00 10.33 16.85 25.62
810 980 1016 -20.15 121.8 8.87 14.34 22.35 70.1 19.9 0.940 57.6 32.4 0.844 9.43 15.25 23.77 10.51 16.98 26.47
811 981 1016 -20.15 121.81 9.23 14.9 23.44 70.2 19.8 0.941 57.6 32.4 0.844 9.81 15.84 24.91 10.93 17.65 27.76
812 982 1016 -20.15 121.82 9.23 14.9 23.62 70.3 19.7 0.941 57.6 32.4 0.844 9.80 15.83 25.09 10.93 17.65 27.97
813 983 1016 -20.15 121.83 12.2 18.93 28.32 70.3 19.7 0.941 57.6 32.4 0.844 12.96 20.11 30.08 14.45 22.42 33.54
814 984 1016 -20.15 121.84 12.35 19.33 28.14 70.4 19.6 0.942 57.6 32.4 0.844 13.11 20.52 29.87 14.63 22.89 33.33
815 985 1016 -20.15 121.85 12.2 19.33 27.78 70.5 19.5 0.943 57.6 32.4 0.844 12.94 20.51 29.47 14.45 22.89 32.90
816 986 1016 -20.15 121.86 12.3 19.49 27.06 70.6 19.4 0.943 57.6 32.4 0.844 13.04 20.66 28.69 14.57 23.08 32.05
817 987 1016 -20.15 121.87 11.48 17.87 25.43 70.6 19.4 0.943 57.6 32.4 0.844 12.17 18.95 26.96 13.60 21.16 30.12
818 988 1016 -20.15 121.88 10.97 17.03 25.07 70.7 19.3 0.944 57.5 32.5 0.843 11.62 18.04 26.56 13.01 20.19 29.73
819 989 1016 -20.15 121.89 12.09 19.16 27.42 70.8 19.2 0.944 57.5 32.5 0.843 12.80 20.29 29.04 14.33 22.72 32.51
820 990 1016 -20.15 121.9 11.58 18.09 26.15 70.8 19.2 0.944 57.5 32.5 0.843 12.26 19.16 27.69 13.73 21.45 31.01
821 991 1016 -20.15 121.91 12.91 20.67 29.23 70.9 19.1 0.945 57.5 32.5 0.843 13.66 21.87 30.93 15.31 24.51 34.66
822 992 1016 -20.15 121.92 13.37 21.4 28.86 71 19.0 0.946 57.5 32.5 0.843 14.14 22.63 30.52 15.85 25.37 34.22
823 993 1016 -20.15 121.93 12.61 20.17 28.14 71 19.0 0.946 57.5 32.5 0.843 13.34 21.33 29.76 14.95 23.92 33.37
824 994 1016 -20.15 121.94 12.71 20.33 28.32 71.1 18.9 0.946 57.5 32.5 0.843 13.43 21.49 29.93 15.07 24.11 33.58
825 995 1016 -20.15 121.95 12.45 20.28 27.78 71.2 18.8 0.947 57.5 32.5 0.843 13.15 21.42 29.35 14.76 24.05 32.94
826 996 1016 -20.15 121.96 13.42 21.4 29.41 71.3 18.7 0.947 57.5 32.5 0.843 14.17 22.59 31.05 15.91 25.37 34.87
827 997 1016 -20.15 121.97 12.71 20.61 27.78 71.3 18.7 0.947 57.5 32.5 0.843 13.42 21.76 29.33 15.07 24.44 32.94
828 998 1016 -20.15 121.98 10.81 17.03 25.07 71.4 18.6 0.948 57.5 32.5 0.843 11.41 17.97 26.45 12.82 20.19 29.73
829 999 1016 -20.15 121.99 10.66 16.36 25.61 71.5 18.5 0.948 57.4 32.6 0.842 11.24 17.25 27.01 12.65 19.42 30.40
830 1000 1016 -20.15 122 11.22 17.2 26.88 71.5 18.5 0.948 57.4 32.6 0.842 11.83 18.14 28.34 13.32 20.42 31.91
831 1001 1016 -20.15 122.01 12.04 18.71 28.14 71.6 18.4 0.949 57.4 32.6 0.842 12.69 19.72 29.66 14.29 22.21 33.40
832 1002 1016 -20.15 122.02 12.25 19.16 27.42 71.7 18.3 0.949 57.4 32.6 0.842 12.90 20.18 28.88 14.54 22.74 32.55
833 1003 1016 -20.15 122.03 12.81 20.17 28.86 71.8 18.2 0.950 57.4 32.6 0.842 13.48 21.23 30.38 15.21 23.94 34.26
834 1004 1016 -20.15 122.04 12.61 20.05 27.78 71.8 18.2 0.950 57.4 32.6 0.842 13.27 21.11 29.24 14.97 23.80 32.98
835 1005 1016 -20.15 122.05 12.25 19.66 27.78 71.9 18.1 0.951 57.4 32.6 0.842 12.89 20.68 29.23 14.54 23.34 32.98
836 1006 1016 -20.15 122.06 12.5 20.05 27.78 72 18.0 0.951 57.4 32.6 0.842 13.14 21.08 29.21 14.84 23.80 32.98
837 1007 1016 -20.15 122.07 11.79 18.93 25.79 72 18.0 0.951 57.4 32.6 0.842 12.40 19.90 27.12 13.99 22.47 30.61
838 1008 1016 -20.15 122.08 10.51 17.25 24.34 72.1 17.9 0.952 57.4 32.6 0.842 11.04 18.13 25.58 12.48 20.48 28.89
839 1009 1016 -20.15 122.09 10.1 16.58 24.52 72.2 17.8 0.952 57.4 32.6 0.842 10.61 17.41 25.75 11.99 19.68 29.11
840 1010 1016 -20.15 122.1 9.74 15.96 23.08 72.2 17.8 0.952 57.3 32.7 0.842 10.23 16.76 24.24 11.57 18.97 27.43
841 1011 1016 -20.15 122.11 9.28 15.18 22.54 72.3 17.7 0.953 57.3 32.7 0.842 9.74 15.93 23.66 11.03 18.04 26.79
842 1012 1016 -20.15 122.12 8.67 14.17 21.45 72.4 17.6 0.953 57.3 32.7 0.842 9.10 14.87 22.50 10.30 16.84 25.49
843 1013 1016 -20.15 122.13 8.82 14.12 21.81 72.5 17.5 0.954 57.3 32.7 0.842 9.25 14.81 22.87 10.48 16.78 25.92
844 1014 1016 -20.15 122.14 9.02 14.79 22.54 72.5 17.5 0.954 57.3 32.7 0.842 9.46 15.51 23.63 10.72 17.58 26.79
845 1015 1016 -20.15 122.15 9.38 15.35 23.08 72.6 17.4 0.954 57.3 32.7 0.842 9.83 16.09 24.19 11.15 18.24 27.43
846 1016 1016 -20.15 122.16 9.33 15.01 22.54 72.7 17.3 0.955 57.3 32.7 0.842 9.77 15.72 23.61 11.09 17.84 26.79
847 1017 1016 -20.15 122.17 9.33 15.12 22.9 72.7 17.3 0.955 57.3 32.7 0.842 9.77 15.84 23.99 11.09 17.97 27.21
848 1018 1016 -20.15 122.18 9.54 15.68 23.8 72.8 17.2 0.955 57.3 32.7 0.842 9.99 16.41 24.91 11.34 18.63 28.28
849 1019 1016 -20.15 122.19 11.94 19.21 27.96 72.9 17.1 0.956 57.3 32.7 0.842 12.49 20.10 29.25 14.19 22.83 33.23
850 1020 1016 -20.15 122.2 12.25 19.72 27.6 73 17.0 0.956 57.3 32.7 0.842 12.81 20.62 28.86 14.56 23.43 32.80
851 1021 1016 -20.15 122.21 11.63 18.71 26.15 73 17.0 0.956 57.2 32.8 0.841 12.16 19.56 27.34 13.84 22.26 31.11
852 1022 1016 -20.15 122.22 11.12 17.7 25.79 73.1 16.9 0.957 57.2 32.8 0.841 11.62 18.50 26.95 13.23 21.06 30.68
853 1023 1016 -20.15 122.23 11.22 17.87 25.43 73.2 16.8 0.957 57.2 32.8 0.841 11.72 18.67 26.56 13.35 21.26 30.25
854 1024 1016 -20.15 122.24 10.76 17.08 24.34 73.2 16.8 0.957 57.2 32.8 0.841 11.24 17.84 25.43 12.80 20.32 28.96
855 1025 1016 -20.15 122.25 10.51 16.8 24.16 73.3 16.7 0.958 57.2 32.8 0.841 10.97 17.54 25.22 12.50 19.99 28.74
856 1026 1016 -20.15 122.26 10.56 17.08 23.98 73.4 16.6 0.958 57.2 32.8 0.841 11.02 17.82 25.02 12.56 20.32 28.53
857 1027 1016 -20.15 122.27 9.59 15.96 22.35 73.5 16.5 0.959 57.2 32.8 0.841 10.00 16.65 23.31 11.41 18.99 26.59
858 1028 1016 -20.15 122.28 9.02 15.18 21.99 73.5 16.5 0.959 57.2 32.8 0.841 9.41 15.83 22.93 10.73 18.06 26.16
859 1029 1016 -20.15 122.29 9.38 15.68 23.26 73.6 16.4 0.959 57.2 32.8 0.841 9.78 16.35 24.25 11.16 18.65 27.67
860 1030 1016 -20.15 122.3 9.94 16.13 24.71 73.7 16.3 0.960 57.2 32.8 0.841 10.36 16.81 25.74 11.83 19.19 29.40
861 1031 1016 -20.15 122.31 10.25 16.64 25.25 73.7 16.3 0.960 57.2 32.8 0.841 10.68 17.34 26.31 12.19 19.80 30.04
862 1032 1016 -20.15 122.32 11.22 18.37 25.97 73.8 16.2 0.960 57.1 32.9 0.840 11.68 19.13 27.04 13.36 21.88 30.93
863 1033 1016 -20.15 122.33 10.76 17.59 26.33 73.9 16.1 0.961 57.1 32.9 0.840 11.20 18.31 27.40 12.82 20.95 31.36
864 1034 1016 -20.15 122.34 11.43 17.98 27.24 74 16.0 0.961 57.1 32.9 0.840 11.89 18.70 28.34 13.61 21.41 32.44
865 1035 1016 -20.15 122.35 11.68 18.32 27.6 74 16.0 0.961 57.1 32.9 0.840 12.15 19.06 28.71 13.91 21.82 32.87
866 1036 1016 -20.15 122.36 11.94 18.77 27.6 74.1 15.9 0.962 57.1 32.9 0.840 12.41 19.52 28.70 14.22 22.36 32.87
867 1037 1016 -20.15 122.37 11.63 18.77 27.42 74.2 15.8 0.962 57.1 32.9 0.840 12.09 19.51 28.50 13.85 22.36 32.66
868 1038 1016 -20.15 122.38 12.3 19.77 28.5 74.3 15.7 0.963 57.1 32.9 0.840 12.78 20.54 29.60 14.65 23.55 33.94
869 1039 1016 -20.15 122.39 12.2 19.72 28.86 74.3 15.7 0.963 57.1 32.9 0.840 12.67 20.48 29.98 14.53 23.49 34.37
870 1040 1016 -20.15 122.4 12.81 20.45 29.41 74.4 15.6 0.963 57.1 32.9 0.840 13.30 21.23 30.53 15.26 24.36 35.03
871 1041 1016 -20.15 122.41 12.2 19.44 27.6 74.5 15.5 0.964 57.1 32.9 0.840 12.66 20.17 28.64 14.53 23.15 32.87
872 1042 1016 -20.15 122.42 11.27 18.21 26.51 74.5 15.5 0.964 57.1 32.9 0.840 11.70 18.90 27.51 13.42 21.69 31.57
873 1043 1016 -20.15 122.43 11.63 18.77 27.96 74.6 15.4 0.964 57 33 0.839 12.06 19.47 29.00 13.87 22.38 33.34
874 1044 1016 -20.15 122.44 13.07 21.01 29.77 74.7 15.3 0.965 57 33 0.839 13.55 21.78 30.86 15.58 25.05 35.50
875 1045 1016 -20.15 122.45 13.07 20.78 30.31 74.8 15.2 0.965 57 33 0.839 13.54 21.53 31.41 15.58 24.78 36.14
876 1046 1016 -20.15 122.46 13.27 21.17 30.49 74.8 15.2 0.965 57 33 0.839 13.75 21.94 31.60 15.82 25.24 36.36
877 1047 1016 -20.15 122.47 13.12 21.12 30.31 74.9 15.1 0.965 57 33 0.839 13.59 21.88 31.39 15.64 25.18 36.14
878 1048 1016 -20.15 122.48 13.01 21.01 29.77 75 15.0 0.966 57 33 0.839 13.47 21.75 30.82 15.51 25.05 35.50
879 1049 1016 -20.15 122.49 13.01 21.12 29.77 75.1 14.9 0.966 57 33 0.839 13.46 21.85 30.81 15.51 25.18 35.50
880 1050 1016 -20.15 122.5 14.19 23.25 31.94 75.1 14.9 0.966 57 33 0.839 14.68 24.06 33.05 16.92 27.72 38.08
881 1051 1016 -20.15 122.51 13.94 22.57 31.58 75.2 14.8 0.967 57 33 0.839 14.42 23.34 32.66 16.62 26.91 37.65
882 1052 1016 -20.15 122.52 13.78 22.8 31.4 75.3 14.7 0.967 57 33 0.839 14.25 23.57 32.46 16.43 27.19 37.44
883 1053 1016 -20.15 122.53 14.09 23.25 31.94 75.3 14.7 0.967 57 33 0.839 14.57 24.04 33.02 16.80 27.72 38.08
884 1054 1016 -20.15 122.54 14.34 23.36 32.12 75.4 14.6 0.968 56.9 33.1 0.838 14.82 24.14 33.19 17.12 27.89 38.34
885 1055 1016 -20.15 122.55 14.19 23.02 31.76 75.5 14.5 0.968 56.9 33.1 0.838 14.66 23.78 32.80 16.94 27.48 37.91
886 1056 1016 -20.15 122.56 13.83 22.29 30.67 75.6 14.4 0.969 56.9 33.1 0.838 14.28 23.01 31.66 16.51 26.61 36.61
887 1057 1016 -20.15 122.57 13.63 22.01 30.67 75.6 14.4 0.969 56.9 33.1 0.838 14.07 22.72 31.66 16.27 26.27 36.61
888 1058 1016 -20.15 122.58 14.34 23.41 31.22 75.7 14.3 0.969 56.9 33.1 0.838 14.80 24.16 32.22 17.12 27.94 37.27
889 1059 1016 -20.15 122.59 14.91 24.03 32.48 75.8 14.2 0.969 56.9 33.1 0.838 15.38 24.79 33.50 17.80 28.69 38.77
890 1060 1016 -20.15 122.6 15.01 24.09 32.3 75.9 14.1 0.970 56.9 33.1 0.838 15.48 24.84 33.30 17.92 28.76 38.56
891 1061 1016 -20.15 122.61 14.09 23.19 30.13 75.9 14.1 0.970 56.9 33.1 0.838 14.53 23.91 31.07 16.82 27.68 35.97
892 1062 1016 -20.15 122.62 13.53 22.57 29.77 76 14.0 0.970 56.9 33.1 0.838 13.94 23.26 30.68 16.15 26.94 35.54
893 1063 1016 -20.15 122.63 13.68 22.74 29.77 76.1 13.9 0.971 56.9 33.1 0.838 14.09 23.43 30.67 16.33 27.15 35.54
894 1064 1016 -20.15 122.64 13.47 22.24 29.59 76.1 13.9 0.971 56.8 33.2 0.837 13.88 22.91 30.48 16.10 26.58 35.36
895 1065 1016 -20.15 122.65 13.94 22.91 30.67 76.2 13.8 0.971 56.8 33.2 0.837 14.35 23.59 31.58 16.66 27.38 36.65
896 1066 1016 -20.15 122.66 14.4 23.41 31.76 76.3 13.7 0.972 56.8 33.2 0.837 14.82 24.10 32.69 17.21 27.98 37.96
897 1067 1016 -20.15 122.67 14.4 23.41 31.03 76.4 13.6 0.972 56.8 33.2 0.837 14.82 24.09 31.93 17.21 27.98 37.08






  - 275 - 899 1069 1016 -20.15 122.69 13.12 21.34 27.78 76.5 13.5 0.972 56.8 33.2 0.837 13.49 21.95 28.57 15.68 25.50 33.20
900 1070 1016 -20.15 122.7 12.25 19.83 26.88 76.6 13.4 0.973 56.8 33.2 0.837 12.59 20.38 27.63 14.64 23.70 32.12
901 1071 1016 -20.15 122.71 13.12 21.45 29.05 76.7 13.3 0.973 56.8 33.2 0.837 13.48 22.04 29.85 15.68 25.63 34.72
902 1072 1016 -20.15 122.72 14.29 22.97 30.67 76.7 13.3 0.973 56.8 33.2 0.837 14.68 23.60 31.52 17.08 27.45 36.65
903 1073 1016 -20.15 122.73 14.09 22.69 30.13 76.8 13.2 0.974 56.8 33.2 0.837 14.47 23.31 30.95 16.84 27.12 36.01
904 1074 1016 -20.15 122.74 14.09 22.74 30.49 76.9 13.1 0.974 56.8 33.2 0.837 14.47 23.35 31.30 16.84 27.18 36.44
905 1075 1016 -20.15 122.75 14.75 23.41 31.94 77 13.0 0.974 56.7 33.3 0.836 15.14 24.03 32.78 17.65 28.01 38.21
906 1076 1016 -20.15 122.76 14.24 22.91 30.67 77 13.0 0.974 56.7 33.3 0.836 14.61 23.51 31.48 17.04 27.41 36.70
907 1077 1016 -20.15 122.77 13.42 21.45 28.5 77.1 12.9 0.975 56.7 33.3 0.836 13.77 22.01 29.24 16.06 25.66 34.10
908 1078 1016 -20.15 122.78 12.04 19.05 27.06 77.2 12.8 0.975 56.7 33.3 0.836 12.35 19.54 27.75 14.41 22.79 32.38
909 1079 1016 -20.15 122.79 14.6 23.3 31.94 77.2 12.8 0.975 56.7 33.3 0.836 14.97 23.89 32.75 17.47 27.88 38.21
910 1080 1016 -20.15 122.8 15.27 24.42 33.39 77.3 12.7 0.976 56.7 33.3 0.836 15.65 25.03 34.23 18.27 29.22 39.95
911 1081 1016 -20.15 122.81 15.68 24.81 32.48 77.4 12.6 0.976 56.7 33.3 0.836 16.07 25.42 33.28 18.76 29.68 38.86
912 1082 1016 -20.15 122.82 12.91 20.5 29.77 77.5 12.5 0.976 56.7 33.3 0.836 13.22 21.00 30.49 15.45 24.53 35.62
913 1083 1016 -20.15 122.83 14.34 22.57 32.12 77.5 12.5 0.976 56.7 33.3 0.836 14.69 23.12 32.90 17.16 27.00 38.43
914 1084 1016 -20.15 122.84 15.06 23.58 32.48 77.6 12.4 0.977 56.7 33.3 0.836 15.42 24.14 33.26 18.02 28.21 38.86
915 1085 1016 -20.15 122.85 14.7 22.85 31.22 77.7 12.3 0.977 56.7 33.3 0.836 15.05 23.39 31.95 17.59 27.34 37.35
916 1086 1016 -20.15 122.86 12.61 19.27 27.96 77.8 12.2 0.977 56.6 33.4 0.835 12.90 19.72 28.61 15.10 23.08 33.49
917 1087 1016 -20.15 122.87 14.6 22.8 31.58 77.8 12.2 0.977 56.6 33.4 0.835 14.94 23.33 32.31 17.49 27.31 37.83
918 1088 1016 -20.15 122.88 15.01 23.81 32.48 77.9 12.1 0.978 56.6 33.4 0.835 15.35 24.35 33.22 17.98 28.52 38.91
919 1089 1016 -20.15 122.89 15.27 24.25 33.2 78 12.0 0.978 56.6 33.4 0.835 15.61 24.79 33.94 18.29 29.05 39.77
920 1090 1016 -20.15 122.9 15.73 24.87 33.02 78.1 11.9 0.979 56.6 33.4 0.835 16.08 25.42 33.75 18.84 29.79 39.55
921 1091 1016 -20.15 122.91 12.66 21.51 27.24 78.1 11.9 0.979 56.6 33.4 0.835 12.94 21.98 27.84 15.16 25.77 32.63
922 1092 1016 -20.15 122.92 11.79 20.17 26.88 78.2 11.8 0.979 56.6 33.4 0.835 12.04 20.61 27.46 14.12 24.16 32.20
923 1093 1016 -20.15 122.93 13.17 21.62 28.5 78.3 11.7 0.979 56.6 33.4 0.835 13.45 22.08 29.10 15.78 25.90 34.14
924 1094 1016 -20.15 122.94 12.4 20.28 26.51 78.4 11.6 0.980 56.6 33.4 0.835 12.66 20.70 27.06 14.85 24.29 31.75
925 1095 1016 -20.15 122.95 11.07 17.93 25.79 78.4 11.6 0.980 56.6 33.4 0.835 11.30 18.30 26.33 13.26 21.48 30.89
926 1096 1016 -20.15 122.96 14.45 22.91 30.67 78.5 11.5 0.980 56.6 33.4 0.835 14.75 23.38 31.30 17.31 27.44 36.74
927 1097 1016 -20.15 122.97 13.53 21.4 28.32 78.6 11.4 0.980 56.5 33.5 0.834 13.80 21.83 28.89 16.23 25.66 33.96
928 1098 1016 -20.15 122.98 12.35 19.66 27.24 78.7 11.3 0.981 56.5 33.5 0.834 12.59 20.05 27.78 14.81 23.58 32.67
929 1099 1016 -20.15 122.99 12.61 19.94 27.96 78.7 11.3 0.981 56.5 33.5 0.834 12.86 20.33 28.51 15.12 23.91 33.53
930 1100 1016 -20.15 123 12.55 19.89 28.14 78.8 11.2 0.981 56.5 33.5 0.834 12.79 20.28 28.69 15.05 23.85 33.75
931 1101 1016 -20.15 123.01 13.68 20.56 29.05 78.9 11.1 0.981 56.5 33.5 0.834 13.94 20.95 29.60 16.41 24.66 34.84
932 1102 1016 -20.15 123.02 12.66 19.55 27.78 79 11.0 0.982 56.5 33.5 0.834 12.90 19.92 28.30 15.18 23.44 33.31
933 1103 1016 -20.15 123.03 12.61 19.61 27.78 79 11.0 0.982 56.5 33.5 0.834 12.85 19.98 28.30 15.12 23.52 33.31
934 1104 1016 -20.15 123.04 12.09 18.93 27.06 79.1 10.9 0.982 56.5 33.5 0.834 12.31 19.28 27.56 14.50 22.70 32.45
935 1105 1016 -20.15 123.05 12.3 19.16 27.78 79.2 10.8 0.982 56.5 33.5 0.834 12.52 19.51 28.28 14.75 22.98 33.31
936 1106 1016 -20.15 123.06 11.99 18.71 26.88 79.3 10.7 0.983 56.5 33.5 0.834 12.20 19.04 27.36 14.38 22.44 32.23
937 1107 1016 -20.15 123.07 11.84 18.49 26.69 79.3 10.7 0.983 56.5 33.5 0.834 12.05 18.82 27.16 14.20 22.17 32.01
938 1108 1016 -20.15 123.08 11.74 18.15 26.33 79.4 10.6 0.983 56.4 33.6 0.833 11.94 18.47 26.79 14.09 21.79 31.61
939 1109 1016 -20.15 123.09 11.99 18.93 26.69 79.5 10.5 0.983 56.4 33.6 0.833 12.19 19.25 27.14 14.40 22.73 32.04
940 1110 1016 -20.15 123.1 12.2 19.61 25.97 79.5 10.5 0.983 56.4 33.6 0.833 12.41 19.94 26.41 14.65 23.54 31.18
941 1111 1016 -20.15 123.11 11.27 18.15 25.43 79.6 10.4 0.984 56.4 33.6 0.833 11.46 18.45 25.85 13.53 21.79 30.53
942 1112 1016 -20.15 123.12 11.89 19.61 26.51 79.7 10.3 0.984 56.4 33.6 0.833 12.08 19.93 26.94 14.28 23.54 31.83
943 956 1017 -20.16 121.56 11.12 18.09 26.33 68.5 21.5 0.930 57.8 32.2 0.846 11.95 19.44 28.30 13.14 21.38 31.12
944 957 1017 -20.16 121.57 11.53 18.88 26.69 68.5 21.5 0.930 57.8 32.2 0.846 12.39 20.29 28.69 13.63 22.31 31.54
945 958 1017 -20.16 121.58 11.84 20.17 27.42 68.6 21.4 0.931 57.8 32.2 0.846 12.72 21.66 29.45 13.99 23.84 32.40
946 959 1017 -20.16 121.59 12.76 21.29 28.5 68.7 21.3 0.932 57.8 32.2 0.846 13.70 22.85 30.59 15.08 25.16 33.68
947 960 1017 -20.16 121.6 13.12 21.73 28.32 68.7 21.3 0.932 57.8 32.2 0.846 14.08 23.32 30.40 15.50 25.68 33.47
948 961 1017 -20.16 121.61 12.71 20.84 27.06 68.8 21.2 0.932 57.8 32.2 0.846 13.63 22.35 29.02 15.02 24.63 31.98
949 962 1017 -20.16 121.62 10.51 17.81 24.71 68.9 21.1 0.933 57.8 32.2 0.846 11.27 19.09 26.49 12.42 21.05 29.20
950 963 1017 -20.16 121.63 10.51 17.76 26.51 68.9 21.1 0.933 57.8 32.2 0.846 11.27 19.04 28.42 12.42 20.99 31.33
951 964 1017 -20.16 121.64 12.4 20.39 28.32 69 21.0 0.934 57.8 32.2 0.846 13.28 21.84 30.33 14.65 24.10 33.47
952 965 1017 -20.16 121.65 12.14 20.11 27.42 69.1 20.9 0.934 57.8 32.2 0.846 13.00 21.53 29.35 14.35 23.77 32.40
953 966 1017 -20.16 121.66 11.79 19.33 27.6 69.2 20.8 0.935 57.7 32.3 0.845 12.61 20.68 29.52 13.95 22.87 32.65
954 967 1017 -20.16 121.67 12.91 21.01 29.77 69.2 20.8 0.935 57.7 32.3 0.845 13.81 22.47 31.85 15.27 24.86 35.22
955 968 1017 -20.16 121.68 13.94 22.46 30.13 69.3 20.7 0.935 57.7 32.3 0.845 14.90 24.01 32.21 16.49 26.57 35.65
956 969 1017 -20.16 121.69 14.24 22.91 30.67 69.4 20.6 0.936 57.7 32.3 0.845 15.21 24.47 32.77 16.85 27.10 36.28
957 970 1017 -20.16 121.7 13.58 22.29 29.05 69.4 20.6 0.936 57.7 32.3 0.845 14.51 23.81 31.03 16.07 26.37 34.37
958 971 1017 -20.16 121.71 12.66 21.17 28.32 69.5 20.5 0.937 57.7 32.3 0.845 13.52 22.60 30.23 14.98 25.05 33.50
959 972 1017 -20.16 121.72 12.66 20.61 27.24 69.6 20.4 0.937 57.7 32.3 0.845 13.51 21.99 29.06 14.98 24.38 32.23
960 973 1017 -20.16 121.73 9.94 16.64 23.26 69.6 20.4 0.937 57.7 32.3 0.845 10.61 17.75 24.82 11.76 19.69 27.52
961 974 1017 -20.16 121.74 8.82 15.07 22.17 69.7 20.3 0.938 57.7 32.3 0.845 9.40 16.07 23.64 10.43 17.83 26.23
962 975 1017 -20.16 121.75 8.51 14.84 21.63 69.8 20.2 0.938 57.7 32.3 0.845 9.07 15.81 23.05 10.07 17.56 25.59
963 976 1017 -20.16 121.76 8.56 14.79 21.45 69.8 20.2 0.938 57.7 32.3 0.845 9.12 15.76 22.86 10.13 17.50 25.38
964 977 1017 -20.16 121.77 8.15 14.45 21.09 69.9 20.1 0.939 57.6 32.4 0.844 8.68 15.39 22.46 9.65 17.11 24.98
965 978 1017 -20.16 121.78 8.67 14.84 21.99 70 20.0 0.940 57.6 32.4 0.844 9.23 15.79 23.40 10.27 17.58 26.04
966 979 1017 -20.16 121.79 9.18 15.35 23.08 70.1 19.9 0.940 57.6 32.4 0.844 9.76 16.32 24.55 10.87 18.18 27.34
967 980 1017 -20.16 121.8 9.28 15.29 22.9 70.1 19.9 0.940 57.6 32.4 0.844 9.87 16.26 24.35 10.99 18.11 27.12
968 981 1017 -20.16 121.81 8.92 14.79 22.54 70.2 19.8 0.941 57.6 32.4 0.844 9.48 15.72 23.96 10.56 17.52 26.70
969 982 1017 -20.16 121.82 10.25 16.3 24.71 70.3 19.7 0.941 57.6 32.4 0.844 10.89 17.31 26.25 12.14 19.31 29.27
970 983 1017 -20.16 121.83 10.4 16.41 24.89 70.3 19.7 0.941 57.6 32.4 0.844 11.05 17.43 26.44 12.32 19.44 29.48
971 984 1017 -20.16 121.84 10.71 16.75 25.61 70.4 19.6 0.942 57.6 32.4 0.844 11.37 17.78 27.19 12.68 19.84 30.33
972 985 1017 -20.16 121.85 11.94 18.88 27.42 70.5 19.5 0.943 57.6 32.4 0.844 12.67 20.03 29.09 14.14 22.36 32.48
973 986 1017 -20.16 121.86 11.84 18.99 26.88 70.5 19.5 0.943 57.6 32.4 0.844 12.56 20.15 28.52 14.02 22.49 31.84
974 987 1017 -20.16 121.87 11.89 19.1 27.06 70.6 19.4 0.943 57.6 32.4 0.844 12.61 20.25 28.69 14.08 22.62 32.05
975 988 1017 -20.16 121.88 12.45 19.77 27.78 70.7 19.3 0.944 57.5 32.5 0.843 13.19 20.95 29.43 14.76 23.44 32.94
976 989 1017 -20.16 121.89 12.09 19.38 27.24 70.7 19.3 0.944 57.5 32.5 0.843 12.81 20.53 28.86 14.33 22.98 32.30
977 990 1017 -20.16 121.9 12.09 19.33 27.96 70.8 19.2 0.944 57.5 32.5 0.843 12.80 20.47 29.61 14.33 22.92 33.15
978 991 1017 -20.16 121.91 13.01 20.67 29.77 70.9 19.1 0.945 57.5 32.5 0.843 13.77 21.87 31.50 15.43 24.51 35.30
979 992 1017 -20.16 121.92 13.78 22.01 30.67 71 19.0 0.946 57.5 32.5 0.843 14.57 23.28 32.44 16.34 26.10 36.37
980 993 1017 -20.16 121.93 13.73 22.07 30.67 71 19.0 0.946 57.5 32.5 0.843 14.52 23.34 32.44 16.28 26.17 36.37
981 994 1017 -20.16 121.94 13.73 22.13 30.31 71.1 18.9 0.946 57.5 32.5 0.843 14.51 23.39 32.04 16.28 26.24 35.94
982 995 1017 -20.16 121.95 13.22 21.29 29.59 71.2 18.8 0.947 57.5 32.5 0.843 13.97 22.49 31.26 15.67 25.24 35.08
983 996 1017 -20.16 121.96 12.91 20.78 29.05 71.2 18.8 0.947 57.5 32.5 0.843 13.64 21.95 30.69 15.31 24.64 34.44
984 997 1017 -20.16 121.97 12.2 19.55 28.32 71.3 18.7 0.947 57.5 32.5 0.843 12.88 20.64 29.90 14.47 23.18 33.58
985 998 1017 -20.16 121.98 13.17 20.73 29.59 71.4 18.6 0.948 57.5 32.5 0.843 13.90 21.87 31.22 15.62 24.58 35.08
986 999 1017 -20.16 121.99 13.17 20.84 29.41 71.5 18.5 0.948 57.4 32.6 0.842 13.89 21.98 31.01 15.63 24.74 34.91
987 1000 1017 -20.16 122 12.3 19.27 27.96 71.5 18.5 0.948 57.4 32.6 0.842 12.97 20.32 29.48 14.60 22.87 33.19
988 1001 1017 -20.16 122.01 11.89 18.88 27.24 71.6 18.4 0.949 57.4 32.6 0.842 12.53 19.90 28.71 14.11 22.41 32.33
989 1002 1017 -20.16 122.02 11.89 18.93 27.78 71.7 18.3 0.949 57.4 32.6 0.842 12.52 19.94 29.26 14.11 22.47 32.98
990 1003 1017 -20.16 122.03 12.66 20 29.05 71.7 18.3 0.949 57.4 32.6 0.842 13.33 21.07 30.60 15.03 23.74 34.48
991 1004 1017 -20.16 122.04 13.47 20.95 29.77 71.8 18.2 0.950 57.4 32.6 0.842 14.18 22.05 31.34 15.99 24.87 35.34
992 1005 1017 -20.16 122.05 13.17 20.56 29.23 71.9 18.1 0.951 57.4 32.6 0.842 13.86 21.63 30.75 15.63 24.40 34.70
993 1006 1017 -20.16 122.06 12.71 19.89 28.68 71.9 18.1 0.951 57.4 32.6 0.842 13.37 20.93 30.17 15.09 23.61 34.04
994 1007 1017 -20.16 122.07 12.91 20.22 28.86 72 18.0 0.951 57.4 32.6 0.842 13.57 21.26 30.35 15.32 24.00 34.26
995 1008 1017 -20.16 122.08 12.3 19.49 27.24 72.1 17.9 0.952 57.4 32.6 0.842 12.93 20.48 28.63 14.60 23.13 32.33
996 1009 1017 -20.16 122.09 11.12 17.98 24.52 72.2 17.8 0.952 57.4 32.6 0.842 11.68 18.88 25.75 13.20 21.34 29.11
997 1010 1017 -20.16 122.1 10.05 16.3 23.44 72.2 17.8 0.952 57.3 32.7 0.842 10.56 17.12 24.62 11.94 19.37 27.85






  - 276 - 999 1012 1017 -20.16 122.12 8.77 14.34 21.81 72.4 17.6 0.953 57.3 32.7 0.842 9.20 15.04 22.88 10.42 17.04 25.92
1000 1013 1017 -20.16 122.13 8.51 13.89 21.45 72.4 17.6 0.953 57.3 32.7 0.842 8.93 14.57 22.50 10.11 16.51 25.49
1001 1014 1017 -20.16 122.14 9.07 14.73 22.72 72.5 17.5 0.954 57.3 32.7 0.842 9.51 15.44 23.82 10.78 17.50 27.00
1002 1015 1017 -20.16 122.15 9.18 15.01 22.72 72.6 17.4 0.954 57.3 32.7 0.842 9.62 15.73 23.81 10.91 17.84 27.00
1003 1016 1017 -20.16 122.16 8.82 14.4 21.99 72.7 17.3 0.955 57.3 32.7 0.842 9.24 15.08 23.03 10.48 17.11 26.13
1004 1017 1017 -20.16 122.17 9.28 15.24 22.9 72.7 17.3 0.955 57.3 32.7 0.842 9.72 15.96 23.99 11.03 18.11 27.21
1005 1018 1017 -20.16 122.18 9.28 15.68 23.26 72.8 17.2 0.955 57.3 32.7 0.842 9.71 16.41 24.35 11.03 18.63 27.64
1006 1019 1017 -20.16 122.19 10 16.69 24.52 72.9 17.1 0.956 57.3 32.7 0.842 10.46 17.46 25.65 11.88 19.83 29.14
1007 1020 1017 -20.16 122.2 10.97 18.04 25.61 72.9 17.1 0.956 57.3 32.7 0.842 11.48 18.87 26.79 13.04 21.44 30.43
1008 1021 1017 -20.16 122.21 12.3 19.83 27.6 73 17.0 0.956 57.2 32.8 0.841 12.86 20.74 28.86 14.63 23.59 32.83
1009 1022 1017 -20.16 122.22 11.74 18.93 26.33 73.1 16.9 0.957 57.2 32.8 0.841 12.27 19.78 27.52 13.97 22.52 31.32
1010 1023 1017 -20.16 122.23 11.22 18.04 25.25 73.2 16.8 0.957 57.2 32.8 0.841 11.72 18.84 26.38 13.35 21.46 30.04
1011 1024 1017 -20.16 122.24 11.22 18.26 25.07 73.2 16.8 0.957 57.2 32.8 0.841 11.72 19.07 26.19 13.35 21.72 29.83
1012 1025 1017 -20.16 122.25 10.61 17.31 24.34 73.3 16.7 0.958 57.2 32.8 0.841 11.08 18.07 25.41 12.62 20.59 28.96
1013 1026 1017 -20.16 122.26 10.51 16.92 24.34 73.4 16.6 0.958 57.2 32.8 0.841 10.97 17.66 25.40 12.50 20.13 28.96
1014 1027 1017 -20.16 122.27 10.25 16.58 23.98 73.4 16.6 0.958 57.2 32.8 0.841 10.70 17.30 25.02 12.19 19.72 28.53
1015 1028 1017 -20.16 122.28 9.74 15.91 23.44 73.5 16.5 0.959 57.2 32.8 0.841 10.16 16.59 24.45 11.59 18.93 27.89
1016 1029 1017 -20.16 122.29 9.94 16.13 23.8 73.6 16.4 0.959 57.2 32.8 0.841 10.36 16.81 24.81 11.83 19.19 28.31
1017 1030 1017 -20.16 122.3 9.94 16.24 24.16 73.7 16.3 0.960 57.2 32.8 0.841 10.36 16.92 25.17 11.83 19.32 28.74
1018 1031 1017 -20.16 122.31 11.27 17.81 26.51 73.7 16.3 0.960 57.2 32.8 0.841 11.74 18.56 27.62 13.41 21.19 31.54
1019 1032 1017 -20.16 122.32 10.92 17.76 25.79 73.8 16.2 0.960 57.1 32.9 0.840 11.37 18.49 26.86 13.01 21.15 30.72
1020 1033 1017 -20.16 122.33 11.02 17.87 25.97 73.9 16.1 0.961 57.1 32.9 0.840 11.47 18.60 27.03 13.12 21.28 30.93
1021 1034 1017 -20.16 122.34 11.33 18.09 26.88 73.9 16.1 0.961 57.1 32.9 0.840 11.79 18.83 27.98 13.49 21.55 32.01
1022 1035 1017 -20.16 122.35 11.38 18.15 27.42 74 16.0 0.961 57.1 32.9 0.840 11.84 18.88 28.53 13.55 21.62 32.66
1023 1036 1017 -20.16 122.36 11.68 18.49 28.14 74.1 15.9 0.962 57.1 32.9 0.840 12.14 19.23 29.26 13.91 22.02 33.52
1024 1037 1017 -20.16 122.37 12.3 19.33 28.68 74.2 15.8 0.962 57.1 32.9 0.840 12.78 20.09 29.81 14.65 23.02 34.16
1025 1038 1017 -20.16 122.38 11.68 18.65 27.96 74.2 15.8 0.962 57.1 32.9 0.840 12.14 19.38 29.06 13.91 22.21 33.30
1026 1039 1017 -20.16 122.39 12.55 19.66 28.86 74.3 15.7 0.963 57.1 32.9 0.840 13.04 20.42 29.98 14.95 23.42 34.37
1027 1040 1017 -20.16 122.4 11.53 18.77 27.42 74.4 15.6 0.963 57.1 32.9 0.840 11.97 19.49 28.47 13.73 22.36 32.66
1028 1041 1017 -20.16 122.41 11.94 19.33 27.96 74.5 15.5 0.964 57.1 32.9 0.840 12.39 20.06 29.02 14.22 23.02 33.30
1029 1042 1017 -20.16 122.42 12.5 20.33 28.68 74.5 15.5 0.964 57.1 32.9 0.840 12.97 21.10 29.76 14.89 24.21 34.16
1030 1043 1017 -20.16 122.43 12.76 20.61 28.86 74.6 15.4 0.964 57 33 0.839 13.24 21.38 29.93 15.21 24.57 34.41
1031 1044 1017 -20.16 122.44 12.55 20.28 28.5 74.7 15.3 0.965 57 33 0.839 13.01 21.03 29.55 14.96 24.18 33.98
1032 1045 1017 -20.16 122.45 12.91 20.61 29.59 74.7 15.3 0.965 57 33 0.839 13.38 21.37 30.68 15.39 24.57 35.28
1033 1046 1017 -20.16 122.46 12.81 20.45 29.77 74.8 15.2 0.965 57 33 0.839 13.27 21.19 30.85 15.27 24.38 35.50
1034 1047 1017 -20.16 122.47 12.86 20.61 29.95 74.9 15.1 0.965 57 33 0.839 13.32 21.35 31.02 15.33 24.57 35.71
1035 1048 1017 -20.16 122.48 12.96 20.84 29.95 75 15.0 0.966 57 33 0.839 13.42 21.58 31.01 15.45 24.85 35.71
1036 1049 1017 -20.16 122.49 13.22 21.51 30.85 75 15.0 0.966 57 33 0.839 13.69 22.27 31.94 15.76 25.65 36.78
1037 1050 1017 -20.16 122.5 14.14 22.8 32.3 75.1 14.9 0.966 57 33 0.839 14.63 23.59 33.42 16.86 27.19 38.51
1038 1051 1017 -20.16 122.51 13.88 23.02 31.4 75.2 14.8 0.967 57 33 0.839 14.36 23.81 32.48 16.55 27.45 37.44
1039 1052 1017 -20.16 122.52 14.19 23.3 31.94 75.3 14.7 0.967 57 33 0.839 14.67 24.09 33.02 16.92 27.78 38.08
1040 1053 1017 -20.16 122.53 14.19 23.36 32.12 75.3 14.7 0.967 56.9 33.1 0.838 14.67 24.15 33.21 16.94 27.89 38.34
1041 1054 1017 -20.16 122.54 14.24 23.47 31.94 75.4 14.6 0.968 56.9 33.1 0.838 14.72 24.25 33.01 17.00 28.02 38.13
1042 1055 1017 -20.16 122.55 14.34 23.64 32.66 75.5 14.5 0.968 56.9 33.1 0.838 14.81 24.42 33.73 17.12 28.22 38.99
1043 1056 1017 -20.16 122.56 14.86 24.25 32.84 75.5 14.5 0.968 56.9 33.1 0.838 15.35 25.05 33.92 17.74 28.95 39.20
1044 1057 1017 -20.16 122.57 14.6 23.75 32.12 75.6 14.4 0.969 56.9 33.1 0.838 15.07 24.52 33.16 17.43 28.35 38.34
1045 1058 1017 -20.16 122.58 14.45 23.69 31.76 75.7 14.3 0.969 56.9 33.1 0.838 14.91 24.45 32.78 17.25 28.28 37.91
1046 1059 1017 -20.16 122.59 14.81 23.92 32.3 75.8 14.2 0.969 56.9 33.1 0.838 15.28 24.67 33.32 17.68 28.55 38.56
1047 1060 1017 -20.16 122.6 14.7 23.47 31.58 75.8 14.2 0.969 56.9 33.1 0.838 15.16 24.21 32.58 17.55 28.02 37.70
1048 1061 1017 -20.16 122.61 14.65 23.13 32.3 75.9 14.1 0.970 56.9 33.1 0.838 15.11 23.85 33.30 17.49 27.61 38.56
1049 1062 1017 -20.16 122.62 14.6 23.58 31.03 76 14.0 0.970 56.9 33.1 0.838 15.05 24.30 31.98 17.43 28.15 37.04
1050 1063 1017 -20.16 122.63 13.88 22.57 29.95 76.1 13.9 0.971 56.9 33.1 0.838 14.30 23.25 30.85 16.57 26.94 35.75
1051 1064 1017 -20.16 122.64 13.53 21.96 29.77 76.1 13.9 0.971 56.8 33.2 0.837 13.94 22.62 30.67 16.17 26.24 35.58
1052 1065 1017 -20.16 122.65 13.47 21.96 29.95 76.2 13.8 0.971 56.8 33.2 0.837 13.87 22.61 30.84 16.10 26.24 35.79
1053 1066 1017 -20.16 122.66 13.37 21.51 29.59 76.3 13.7 0.972 56.8 33.2 0.837 13.76 22.14 30.46 15.98 25.71 35.36
1054 1067 1017 -20.16 122.67 13.94 22.69 30.85 76.3 13.7 0.972 56.8 33.2 0.837 14.35 23.35 31.75 16.66 27.12 36.87
1055 1068 1017 -20.16 122.68 13.99 22.97 30.49 76.4 13.6 0.972 56.8 33.2 0.837 14.39 23.63 31.37 16.72 27.45 36.44
1056 1069 1017 -20.16 122.69 13.58 22.13 29.05 76.5 13.5 0.972 56.8 33.2 0.837 13.97 22.76 29.88 16.23 26.45 34.72
1057 1070 1017 -20.16 122.7 12.81 20.5 27.06 76.6 13.4 0.973 56.8 33.2 0.837 13.17 21.07 27.82 15.31 24.50 32.34
1058 1071 1017 -20.16 122.71 11.58 18.82 25.79 76.6 13.4 0.973 56.8 33.2 0.837 11.90 19.35 26.51 13.84 22.49 30.82
1059 1072 1017 -20.16 122.72 14.45 23.3 31.4 76.7 13.3 0.973 56.8 33.2 0.837 14.85 23.94 32.27 17.27 27.85 37.53
1060 1073 1017 -20.16 122.73 13.68 21.79 31.03 76.8 13.2 0.974 56.8 33.2 0.837 14.05 22.38 31.87 16.35 26.04 37.08
1061 1074 1017 -20.16 122.74 15.32 24.03 33.57 76.9 13.1 0.974 56.8 33.2 0.837 15.73 24.67 34.47 18.31 28.72 40.12
1062 1075 1017 -20.16 122.75 15.83 24.65 33.57 76.9 13.1 0.974 56.7 33.3 0.836 16.25 25.31 34.47 18.94 29.49 40.16
1063 1076 1017 -20.16 122.76 15.27 23.53 32.3 77 13.0 0.974 56.7 33.3 0.836 15.67 24.15 33.15 18.27 28.15 38.65
1064 1077 1017 -20.16 122.77 14.45 22.46 31.58 77.1 12.9 0.975 56.7 33.3 0.836 14.82 23.04 32.40 17.29 26.87 37.78
1065 1078 1017 -20.16 122.78 14.04 22.18 30.85 77.2 12.8 0.975 56.7 33.3 0.836 14.40 22.75 31.64 16.80 26.54 36.91
1066 1079 1017 -20.16 122.79 14.91 23.53 32.66 77.2 12.8 0.975 56.7 33.3 0.836 15.29 24.13 33.49 17.84 28.15 39.08
1067 1080 1017 -20.16 122.8 14.96 23.75 32.12 77.3 12.7 0.976 56.7 33.3 0.836 15.34 24.35 32.93 17.90 28.42 38.43
1068 1081 1017 -20.16 122.81 13.88 21.79 29.23 77.4 12.6 0.976 56.7 33.3 0.836 14.22 22.33 29.95 16.61 26.07 34.97
1069 1082 1017 -20.16 122.82 12.09 19.16 27.06 77.5 12.5 0.976 56.7 33.3 0.836 12.38 19.63 27.72 14.47 22.92 32.38
1070 1083 1017 -20.16 122.83 11.99 19.05 26.33 77.5 12.5 0.976 56.7 33.3 0.836 12.28 19.51 26.97 14.35 22.79 31.50
1071 1084 1017 -20.16 122.84 11.58 18.49 25.97 77.6 12.4 0.977 56.7 33.3 0.836 11.86 18.93 26.59 13.85 22.12 31.07
1072 1085 1017 -20.16 122.85 11.74 18.6 26.88 77.7 12.3 0.977 56.7 33.3 0.836 12.02 19.04 27.51 14.05 22.25 32.16
1073 1086 1017 -20.16 122.86 11.84 19.16 27.42 77.7 12.3 0.977 56.6 33.4 0.835 12.12 19.61 28.06 14.18 22.95 32.84
1074 1087 1017 -20.16 122.87 13.83 21.96 31.22 77.8 12.2 0.977 56.6 33.4 0.835 14.15 22.47 31.94 16.57 26.30 37.40
1075 1088 1017 -20.16 122.88 15.32 24.31 33.2 77.9 12.1 0.978 56.6 33.4 0.835 15.67 24.86 33.95 18.35 29.12 39.77
1076 1089 1017 -20.16 122.89 15.21 24.31 32.48 78 12.0 0.978 56.6 33.4 0.835 15.55 24.85 33.21 18.22 29.12 38.91
1077 1090 1017 -20.16 122.9 14.65 23.75 31.76 78 12.0 0.978 56.6 33.4 0.835 14.98 24.28 32.47 17.55 28.45 38.04
1078 1091 1017 -20.16 122.91 14.7 23.81 31.76 78.1 11.9 0.979 56.6 33.4 0.835 15.02 24.33 32.46 17.61 28.52 38.04
1079 1092 1017 -20.16 122.92 14.19 23.3 29.77 78.2 11.8 0.979 56.6 33.4 0.835 14.50 23.80 30.41 17.00 27.91 35.66
1080 1093 1017 -20.16 122.93 12.96 21.73 28.68 78.3 11.7 0.979 56.6 33.4 0.835 13.23 22.19 29.29 15.52 26.03 34.35
1081 1094 1017 -20.16 122.94 13.17 21.85 28.86 78.3 11.7 0.979 56.6 33.4 0.835 13.45 22.31 29.47 15.78 26.17 34.57
1082 1095 1017 -20.16 122.95 13.07 21.45 28.14 78.4 11.6 0.980 56.6 33.4 0.835 13.34 21.90 28.73 15.66 25.69 33.71
1083 1096 1017 -20.16 122.96 12.4 19.94 27.6 78.5 11.5 0.980 56.6 33.4 0.835 12.65 20.35 28.17 14.85 23.88 33.06
1084 1097 1017 -20.16 122.97 12.76 20.39 29.23 78.6 11.4 0.980 56.5 33.5 0.834 13.02 20.80 29.82 15.30 24.45 35.05
1085 1098 1017 -20.16 122.98 13.53 21.4 28.68 78.6 11.4 0.980 56.5 33.5 0.834 13.80 21.83 29.26 16.23 25.66 34.39
1086 1099 1017 -20.16 122.99 12.55 19.77 27.6 78.7 11.3 0.981 56.5 33.5 0.834 12.80 20.16 28.15 15.05 23.71 33.10
1087 1100 1017 -20.16 123 13.07 20.5 29.41 78.8 11.2 0.981 56.5 33.5 0.834 13.32 20.90 29.98 15.67 24.58 35.27
1088 1101 1017 -20.16 123.01 14.45 21.23 31.58 78.9 11.1 0.981 56.5 33.5 0.834 14.73 21.63 32.18 17.33 25.46 37.87
1089 1102 1017 -20.16 123.02 14.75 21.12 31.22 78.9 11.1 0.981 56.5 33.5 0.834 15.03 21.52 31.82 17.69 25.33 37.44
1090 1103 1017 -20.16 123.03 14.04 20.11 29.95 79 11.0 0.982 56.5 33.5 0.834 14.30 20.49 30.51 16.84 24.12 35.92
1091 1104 1017 -20.16 123.04 14.04 20.73 29.59 79.1 10.9 0.982 56.5 33.5 0.834 14.30 21.11 30.13 16.84 24.86 35.48
1092 1105 1017 -20.16 123.05 13.17 20 28.32 79.2 10.8 0.982 56.5 33.5 0.834 13.41 20.36 28.83 15.79 23.98 33.96
1093 1106 1017 -20.16 123.06 13.37 20.5 28.68 79.2 10.8 0.982 56.5 33.5 0.834 13.61 20.87 29.20 16.03 24.58 34.39
1094 1107 1017 -20.16 123.07 12.4 18.99 27.24 79.3 10.7 0.983 56.5 33.5 0.834 12.62 19.33 27.72 14.87 22.77 32.67
1095 1108 1017 -20.16 123.08 12.09 18.82 26.88 79.4 10.6 0.983 56.4 33.6 0.833 12.30 19.15 27.35 14.52 22.60 32.27
1096 1109 1017 -20.16 123.09 11.84 18.77 26.88 79.5 10.5 0.983 56.4 33.6 0.833 12.04 19.09 27.34 14.22 22.54 32.27
1097 1110 1017 -20.16 123.1 12.14 19.27 27.24 79.5 10.5 0.983 56.4 33.6 0.833 12.35 19.60 27.70 14.58 23.14 32.70
1098 1111 1017 -20.16 123.11 12.3 19.66 26.88 79.6 10.4 0.984 56.4 33.6 0.833 12.51 19.99 27.33 14.77 23.60 32.27
1099 1112 1017 -20.16 123.12 11.33 18.77 25.25 79.7 10.3 0.984 56.4 33.6 0.833 11.52 19.08 25.66 13.60 22.54 30.31





  - 277 - 1101 957 1018 -20.17 121.57 11.22 18.37 26.51 68.5 21.5 0.930 57.8 32.2 0.846 12.06 19.74 28.49 13.26 21.71 31.33
1102 958 1018 -20.17 121.58 11.74 19.66 27.24 68.6 21.4 0.931 57.8 32.2 0.846 12.61 21.12 29.26 13.87 23.23 32.19
1103 959 1018 -20.17 121.59 12.5 21.06 28.32 68.7 21.3 0.932 57.8 32.2 0.846 13.42 22.60 30.40 14.77 24.89 33.47
1104 960 1018 -20.17 121.6 12.96 21.4 29.05 68.7 21.3 0.932 57.8 32.2 0.846 13.91 22.97 31.18 15.32 25.29 34.33
1105 961 1018 -20.17 121.61 12.86 21.12 28.5 68.8 21.2 0.932 57.8 32.2 0.846 13.79 22.65 30.57 15.20 24.96 33.68
1106 962 1018 -20.17 121.62 11.99 19.49 26.88 68.9 21.1 0.933 57.8 32.2 0.846 12.85 20.89 28.81 14.17 23.03 31.77
1107 963 1018 -20.17 121.63 10.71 17.59 25.79 68.9 21.1 0.933 57.8 32.2 0.846 11.48 18.85 27.64 12.66 20.79 30.48
1108 964 1018 -20.17 121.64 10.92 18.09 25.61 69 21.0 0.934 57.8 32.2 0.846 11.70 19.38 27.43 12.90 21.38 30.26
1109 965 1018 -20.17 121.65 10.35 17.14 24.71 69.1 20.9 0.934 57.8 32.2 0.846 11.08 18.35 26.45 12.23 20.26 29.20
1110 966 1018 -20.17 121.66 10.87 18.21 26.69 69.1 20.9 0.934 57.7 32.3 0.845 11.64 19.49 28.57 12.86 21.54 31.58
1111 967 1018 -20.17 121.67 13.22 21.73 29.77 69.2 20.8 0.935 57.7 32.3 0.845 14.14 23.24 31.85 15.64 25.71 35.22
1112 968 1018 -20.17 121.68 13.37 21.96 29.05 69.3 20.7 0.935 57.7 32.3 0.845 14.29 23.48 31.05 15.82 25.98 34.37
1113 969 1018 -20.17 121.69 13.58 22.35 30.13 69.3 20.7 0.935 57.7 32.3 0.845 14.52 23.89 32.21 16.07 26.44 35.65
1114 970 1018 -20.17 121.7 13.53 22.46 29.05 69.4 20.6 0.936 57.7 32.3 0.845 14.45 23.99 31.03 16.01 26.57 34.37
1115 971 1018 -20.17 121.71 12.86 21.51 28.14 69.5 20.5 0.937 57.7 32.3 0.845 13.73 22.96 30.04 15.21 25.45 33.29
1116 972 1018 -20.17 121.72 12.35 20.45 26.88 69.5 20.5 0.937 57.7 32.3 0.845 13.18 21.83 28.70 14.61 24.19 31.80
1117 973 1018 -20.17 121.73 10.1 17.2 23.62 69.6 20.4 0.937 57.7 32.3 0.845 10.78 18.35 25.20 11.95 20.35 27.94
1118 974 1018 -20.17 121.74 8.87 15.4 21.99 69.7 20.3 0.938 57.7 32.3 0.845 9.46 16.42 23.45 10.49 18.22 26.02
1119 975 1018 -20.17 121.75 8.51 14.62 21.81 69.8 20.2 0.938 57.7 32.3 0.845 9.07 15.58 23.24 10.07 17.30 25.80
1120 976 1018 -20.17 121.76 8.87 15.18 22.17 69.8 20.2 0.938 57.7 32.3 0.845 9.45 16.17 23.62 10.49 17.96 26.23
1121 977 1018 -20.17 121.77 8.87 15.24 21.99 69.9 20.1 0.939 57.6 32.4 0.844 9.45 16.23 23.42 10.51 18.05 26.04
1122 978 1018 -20.17 121.78 8.77 15.07 21.99 70 20.0 0.940 57.6 32.4 0.844 9.33 16.04 23.40 10.39 17.85 26.04
1123 979 1018 -20.17 121.79 9.13 15.35 22.9 70 20.0 0.940 57.6 32.4 0.844 9.72 16.34 24.37 10.81 18.18 27.12
1124 980 1018 -20.17 121.8 9.28 15.35 23.26 70.1 19.9 0.940 57.6 32.4 0.844 9.87 16.32 24.74 10.99 18.18 27.55
1125 981 1018 -20.17 121.81 9.69 15.68 23.98 70.2 19.8 0.941 57.6 32.4 0.844 10.30 16.67 25.49 11.48 18.57 28.40
1126 982 1018 -20.17 121.82 10.46 16.19 25.07 70.2 19.8 0.941 57.6 32.4 0.844 11.12 17.21 26.65 12.39 19.18 29.69
1127 983 1018 -20.17 121.83 11.22 17.53 26.15 70.3 19.7 0.941 57.6 32.4 0.844 11.92 18.62 27.78 13.29 20.76 30.97
1128 984 1018 -20.17 121.84 11.27 17.87 25.97 70.4 19.6 0.942 57.6 32.4 0.844 11.96 18.97 27.57 13.35 21.16 30.76
1129 985 1018 -20.17 121.85 11.02 17.59 26.15 70.5 19.5 0.943 57.6 32.4 0.844 11.69 18.66 27.74 13.05 20.83 30.97
1130 986 1018 -20.17 121.86 12.2 19.38 27.78 70.5 19.5 0.943 57.6 32.4 0.844 12.94 20.56 29.47 14.45 22.95 32.90
1131 987 1018 -20.17 121.87 12.35 19.61 28.14 70.6 19.4 0.943 57.6 32.4 0.844 13.09 20.79 29.83 14.63 23.23 33.33
1132 988 1018 -20.17 121.88 12.45 19.72 27.96 70.7 19.3 0.944 57.5 32.5 0.843 13.19 20.89 29.62 14.76 23.38 33.15
1133 989 1018 -20.17 121.89 11.63 18.88 26.51 70.7 19.3 0.944 57.5 32.5 0.843 12.32 20.00 28.09 13.79 22.39 31.43
1134 990 1018 -20.17 121.9 11.89 19.38 27.42 70.8 19.2 0.944 57.5 32.5 0.843 12.59 20.52 29.04 14.10 22.98 32.51
1135 991 1018 -20.17 121.91 12.81 20.45 29.23 70.9 19.1 0.945 57.5 32.5 0.843 13.56 21.64 30.93 15.19 24.25 34.66
1136 992 1018 -20.17 121.92 13.58 21.51 30.49 70.9 19.1 0.945 57.5 32.5 0.843 14.37 22.76 32.27 16.10 25.50 36.15
1137 993 1018 -20.17 121.93 14.09 22.29 30.85 71 19.0 0.946 57.5 32.5 0.843 14.90 23.57 32.63 16.71 26.43 36.58
1138 994 1018 -20.17 121.94 13.47 21.51 29.59 71.1 18.9 0.946 57.5 32.5 0.843 14.24 22.74 31.28 15.97 25.50 35.08
1139 995 1018 -20.17 121.95 12.96 20.61 29.41 71.2 18.8 0.947 57.5 32.5 0.843 13.69 21.77 31.07 15.37 24.44 34.87
1140 996 1018 -20.17 121.96 12.25 19.61 27.78 71.2 18.8 0.947 57.5 32.5 0.843 12.94 20.72 29.35 14.52 23.25 32.94
1141 997 1018 -20.17 121.97 11.48 18.71 26.69 71.3 18.7 0.947 57.5 32.5 0.843 12.12 19.75 28.18 13.61 22.18 31.65
1142 998 1018 -20.17 121.98 11.99 19.33 27.78 71.4 18.6 0.948 57.5 32.5 0.843 12.65 20.40 29.31 14.22 22.92 32.94
1143 999 1018 -20.17 121.99 12.66 20.05 29.05 71.4 18.6 0.948 57.4 32.6 0.842 13.36 21.15 30.65 15.03 23.80 34.48
1144 1000 1018 -20.17 122 13.12 20.56 28.86 71.5 18.5 0.948 57.4 32.6 0.842 13.83 21.68 30.43 15.57 24.40 34.26
1145 1001 1018 -20.17 122.01 12.25 19.38 27.42 71.6 18.4 0.949 57.4 32.6 0.842 12.91 20.42 28.90 14.54 23.00 32.55
1146 1002 1018 -20.17 122.02 11.89 19.1 27.6 71.6 18.4 0.949 57.4 32.6 0.842 12.53 20.13 29.09 14.11 22.67 32.76
1147 1003 1018 -20.17 122.03 12.04 19.16 27.96 71.7 18.3 0.949 57.4 32.6 0.842 12.68 20.18 29.45 14.29 22.74 33.19
1148 1004 1018 -20.17 122.04 12.81 20.05 28.86 71.8 18.2 0.950 57.4 32.6 0.842 13.48 21.11 30.38 15.21 23.80 34.26
1149 1005 1018 -20.17 122.05 12.91 20.17 28.86 71.9 18.1 0.951 57.4 32.6 0.842 13.58 21.22 30.36 15.32 23.94 34.26
1150 1006 1018 -20.17 122.06 12.81 20.22 28.86 71.9 18.1 0.951 57.4 32.6 0.842 13.48 21.27 30.36 15.21 24.00 34.26
1151 1007 1018 -20.17 122.07 12.71 20.17 28.32 72 18.0 0.951 57.4 32.6 0.842 13.36 21.21 29.78 15.09 23.94 33.62
1152 1008 1018 -20.17 122.08 11.74 18.93 26.51 72.1 17.9 0.952 57.4 32.6 0.842 12.34 19.89 27.86 13.94 22.47 31.47
1153 1009 1018 -20.17 122.09 11.07 18.04 25.07 72.1 17.9 0.952 57.4 32.6 0.842 11.63 18.96 26.35 13.14 21.41 29.76
1154 1010 1018 -20.17 122.1 10.87 17.81 25.25 72.2 17.8 0.952 57.3 32.7 0.842 11.42 18.71 26.52 12.92 21.16 30.01
1155 1011 1018 -20.17 122.11 10.61 17.42 24.52 72.3 17.7 0.953 57.3 32.7 0.842 11.14 18.29 25.74 12.61 20.70 29.14
1156 1012 1018 -20.17 122.12 10.05 16.3 23.44 72.4 17.6 0.953 57.3 32.7 0.842 10.54 17.10 24.59 11.94 19.37 27.85
1157 1013 1018 -20.17 122.13 9.23 14.9 22.17 72.4 17.6 0.953 57.3 32.7 0.842 9.68 15.63 23.26 10.97 17.71 26.35
1158 1014 1018 -20.17 122.14 8.92 14.28 21.99 72.5 17.5 0.954 57.3 32.7 0.842 9.35 14.97 23.06 10.60 16.97 26.13
1159 1015 1018 -20.17 122.15 9.23 15.07 23.08 72.6 17.4 0.954 57.3 32.7 0.842 9.67 15.79 24.19 10.97 17.91 27.43
1160 1016 1018 -20.17 122.16 9.23 14.73 22.54 72.6 17.4 0.954 57.3 32.7 0.842 9.67 15.44 23.62 10.97 17.50 26.79
1161 1017 1018 -20.17 122.17 9.33 15.4 22.72 72.7 17.3 0.955 57.3 32.7 0.842 9.77 16.13 23.80 11.09 18.30 27.00
1162 1018 1018 -20.17 122.18 9.64 16.08 23.26 72.8 17.2 0.955 57.3 32.7 0.842 10.09 16.83 24.35 11.46 19.11 27.64
1163 1019 1018 -20.17 122.19 9.69 16.13 23.44 72.9 17.1 0.956 57.3 32.7 0.842 10.14 16.88 24.52 11.52 19.17 27.85
1164 1020 1018 -20.17 122.2 9.74 15.91 23.8 72.9 17.1 0.956 57.3 32.7 0.842 10.19 16.65 24.90 11.57 18.91 28.28
1165 1021 1018 -20.17 122.21 10.56 17.31 25.25 73 17.0 0.956 57.2 32.8 0.841 11.04 18.10 26.40 12.56 20.59 30.04
1166 1022 1018 -20.17 122.22 11.89 19.33 27.06 73.1 16.9 0.957 57.2 32.8 0.841 12.43 20.20 28.28 14.15 23.00 32.19
1167 1023 1018 -20.17 122.23 12.25 19.77 26.69 73.1 16.9 0.957 57.2 32.8 0.841 12.80 20.66 27.89 14.57 23.52 31.75
1168 1024 1018 -20.17 122.24 11.17 17.98 25.07 73.2 16.8 0.957 57.2 32.8 0.841 11.67 18.78 26.19 13.29 21.39 29.83
1169 1025 1018 -20.17 122.25 11.17 18.09 25.97 73.3 16.7 0.958 57.2 32.8 0.841 11.66 18.89 27.11 13.29 21.52 30.90
1170 1026 1018 -20.17 122.26 12.04 19.66 26.88 73.4 16.6 0.958 57.2 32.8 0.841 12.56 20.52 28.05 14.32 23.39 31.98
1171 1027 1018 -20.17 122.27 11.12 18.09 24.71 73.4 16.6 0.958 57.2 32.8 0.841 11.60 18.88 25.78 13.23 21.52 29.40
1172 1028 1018 -20.17 122.28 10.05 16.36 23.44 73.5 16.5 0.959 57.2 32.8 0.841 10.48 17.06 24.45 11.96 19.46 27.89
1173 1029 1018 -20.17 122.29 9.69 15.46 23.98 73.6 16.4 0.959 57.2 32.8 0.841 10.10 16.12 25.00 11.53 18.39 28.53
1174 1030 1018 -20.17 122.3 10.2 16.02 25.61 73.6 16.4 0.959 57.2 32.8 0.841 10.63 16.70 26.70 12.13 19.06 30.47
1175 1031 1018 -20.17 122.31 10.81 17.37 25.79 73.7 16.3 0.960 57.2 32.8 0.841 11.26 18.10 26.87 12.86 20.66 30.68
1176 1032 1018 -20.17 122.32 11.22 17.93 26.33 73.8 16.2 0.960 57.1 32.9 0.840 11.68 18.67 27.42 13.36 21.35 31.36
1177 1033 1018 -20.17 122.33 11.22 18.04 26.15 73.9 16.1 0.961 57.1 32.9 0.840 11.68 18.78 27.22 13.36 21.49 31.15
1178 1034 1018 -20.17 122.34 10.97 17.65 26.51 73.9 16.1 0.961 57.1 32.9 0.840 11.42 18.37 27.59 13.07 21.02 31.57
1179 1035 1018 -20.17 122.35 11.74 18.71 27.24 74 16.0 0.961 57.1 32.9 0.840 12.21 19.46 28.34 13.98 22.28 32.44
1180 1036 1018 -20.17 122.36 11.12 17.98 25.79 74.1 15.9 0.962 57.1 32.9 0.840 11.56 18.70 26.82 13.24 21.41 30.72
1181 1037 1018 -20.17 122.37 10.66 17.53 25.79 74.1 15.9 0.962 57.1 32.9 0.840 11.08 18.23 26.82 12.70 20.88 30.72
1182 1038 1018 -20.17 122.38 10.76 17.48 26.15 74.2 15.8 0.962 57.1 32.9 0.840 11.18 18.17 27.18 12.82 20.82 31.15
1183 1039 1018 -20.17 122.39 11.33 18.37 27.24 74.3 15.7 0.963 57.1 32.9 0.840 11.77 19.08 28.30 13.49 21.88 32.44
1184 1040 1018 -20.17 122.4 11.74 19.05 27.42 74.4 15.6 0.963 57.1 32.9 0.840 12.19 19.78 28.47 13.98 22.69 32.66
1185 1041 1018 -20.17 122.41 11.53 18.77 27.24 74.4 15.6 0.963 57.1 32.9 0.840 11.97 19.49 28.28 13.73 22.36 32.44
1186 1042 1018 -20.17 122.42 11.94 19.27 27.6 74.5 15.5 0.964 57.1 32.9 0.840 12.39 20.00 28.64 14.22 22.95 32.87
1187 1043 1018 -20.17 122.43 12.25 19.94 28.68 74.6 15.4 0.964 57 33 0.839 12.71 20.68 29.75 14.61 23.78 34.20
1188 1044 1018 -20.17 122.44 13.12 21.01 29.95 74.7 15.3 0.965 57 33 0.839 13.60 21.78 31.05 15.64 25.05 35.71
1189 1045 1018 -20.17 122.45 12.5 19.89 28.86 74.7 15.3 0.965 57 33 0.839 12.96 20.62 29.92 14.90 23.72 34.41
1190 1046 1018 -20.17 122.46 12.71 20.45 29.23 74.8 15.2 0.965 57 33 0.839 13.17 21.19 30.29 15.15 24.38 34.85
1191 1047 1018 -20.17 122.47 11.74 18.82 27.6 74.9 15.1 0.965 57 33 0.839 12.16 19.49 28.59 14.00 22.44 32.91
1192 1048 1018 -20.17 122.48 11.99 19.33 28.86 74.9 15.1 0.965 57 33 0.839 12.42 20.02 29.89 14.30 23.05 34.41
1193 1049 1018 -20.17 122.49 13.17 21.17 30.67 75 15.0 0.966 57 33 0.839 13.63 21.92 31.75 15.70 25.24 36.57
1194 1050 1018 -20.17 122.5 13.73 22.13 31.4 75.1 14.9 0.966 57 33 0.839 14.21 22.90 32.49 16.37 26.39 37.44
1195 1051 1018 -20.17 122.51 13.78 22.57 31.4 75.2 14.8 0.967 57 33 0.839 14.25 23.34 32.48 16.43 26.91 37.44
1196 1052 1018 -20.17 122.52 12.09 19.55 29.41 75.2 14.8 0.967 57 33 0.839 12.50 20.22 30.42 14.42 23.31 35.07
1197 1053 1018 -20.17 122.53 14.7 24.09 33.2 75.3 14.7 0.967 56.9 33.1 0.838 15.20 24.91 34.32 17.55 28.76 39.63
1198 1054 1018 -20.17 122.54 14.7 23.97 32.3 75.4 14.6 0.968 56.9 33.1 0.838 15.19 24.77 33.38 17.55 28.61 38.56
1199 1055 1018 -20.17 122.55 14.04 23.08 31.76 75.5 14.5 0.968 56.9 33.1 0.838 14.50 23.84 32.80 16.76 27.55 37.91






  - 278 - 1201 1057 1018 -20.17 122.57 14.91 24.03 33.39 75.6 14.4 0.969 56.9 33.1 0.838 15.39 24.81 34.47 17.80 28.69 39.86
1202 1058 1018 -20.17 122.58 15.16 24.42 33.2 75.7 14.3 0.969 56.9 33.1 0.838 15.64 25.20 34.26 18.10 29.15 39.63
1203 1059 1018 -20.17 122.59 15.52 24.7 33.93 75.7 14.3 0.969 56.9 33.1 0.838 16.02 25.49 35.01 18.53 29.48 40.50
1204 1060 1018 -20.17 122.6 15.21 24.2 33.2 75.8 14.2 0.969 56.9 33.1 0.838 15.69 24.96 34.25 18.16 28.89 39.63
1205 1061 1018 -20.17 122.61 14.96 23.69 32.84 75.9 14.1 0.970 56.9 33.1 0.838 15.42 24.43 33.86 17.86 28.28 39.20
1206 1062 1018 -20.17 122.62 15.16 24.03 33.02 76 14.0 0.970 56.9 33.1 0.838 15.62 24.77 34.03 18.10 28.69 39.42
1207 1063 1018 -20.17 122.63 14.7 23.75 32.66 76 14.0 0.970 56.9 33.1 0.838 15.15 24.48 33.66 17.55 28.35 38.99
1208 1064 1018 -20.17 122.64 14.96 24.31 32.12 76.1 13.9 0.971 56.8 33.2 0.837 15.41 25.04 33.09 17.88 29.05 38.39
1209 1065 1018 -20.17 122.65 14.14 22.69 30.13 76.2 13.8 0.971 56.8 33.2 0.837 14.56 23.36 31.03 16.90 27.12 36.01
1210 1066 1018 -20.17 122.66 13.58 22.24 29.95 76.3 13.7 0.972 56.8 33.2 0.837 13.98 22.89 30.83 16.23 26.58 35.79
1211 1067 1018 -20.17 122.67 14.29 23.02 31.4 76.3 13.7 0.972 56.8 33.2 0.837 14.71 23.69 32.32 17.08 27.51 37.53
1212 1068 1018 -20.17 122.68 14.91 23.69 32.66 76.4 13.6 0.972 56.8 33.2 0.837 15.34 24.37 33.60 17.82 28.31 39.03
1213 1069 1018 -20.17 122.69 14.4 23.13 30.49 76.5 13.5 0.972 56.8 33.2 0.837 14.81 23.79 31.36 17.21 27.64 36.44
1214 1070 1018 -20.17 122.7 13.88 21.96 29.95 76.5 13.5 0.972 56.8 33.2 0.837 14.27 22.58 30.80 16.59 26.24 35.79
1215 1071 1018 -20.17 122.71 14.24 22.8 30.85 76.6 13.4 0.973 56.8 33.2 0.837 14.64 23.44 31.71 17.02 27.25 36.87
1216 1072 1018 -20.17 122.72 15.57 24.81 33.93 76.7 13.3 0.973 56.8 33.2 0.837 16.00 25.49 34.87 18.61 29.65 40.55
1217 1073 1018 -20.17 122.73 16.08 25.37 34.65 76.8 13.2 0.974 56.8 33.2 0.837 16.52 26.06 35.59 19.22 30.32 41.41
1218 1074 1018 -20.17 122.74 15.57 24.25 33.57 76.8 13.2 0.974 56.8 33.2 0.837 15.99 24.91 34.48 18.61 28.98 40.12
1219 1075 1018 -20.17 122.75 14.81 23.02 32.48 76.9 13.1 0.974 56.7 33.3 0.836 15.21 23.64 33.35 17.72 27.54 38.86
1220 1076 1018 -20.17 122.76 14.55 22.57 32.12 77 13.0 0.974 56.7 33.3 0.836 14.93 23.16 32.96 17.41 27.00 38.43
1221 1077 1018 -20.17 122.77 14.6 22.69 31.94 77.1 12.9 0.975 56.7 33.3 0.836 14.98 23.28 32.77 17.47 27.15 38.21
1222 1078 1018 -20.17 122.78 14.5 22.85 31.76 77.1 12.9 0.975 56.7 33.3 0.836 14.88 23.44 32.58 17.35 27.34 38.00
1223 1079 1018 -20.17 122.79 14.86 23.47 31.94 77.2 12.8 0.975 56.7 33.3 0.836 15.24 24.07 32.75 17.78 28.08 38.21
1224 1080 1018 -20.17 122.8 13.47 21.06 29.41 77.3 12.7 0.976 56.7 33.3 0.836 13.81 21.59 30.15 16.12 25.20 35.19
1225 1081 1018 -20.17 122.81 12.3 19.1 27.78 77.4 12.6 0.976 56.7 33.3 0.836 12.60 19.57 28.47 14.72 22.85 33.24
1226 1082 1018 -20.17 122.82 12.5 19.44 27.96 77.4 12.6 0.976 56.7 33.3 0.836 12.81 19.92 28.65 14.96 23.26 33.45
1227 1083 1018 -20.17 122.83 12.71 19.89 27.6 77.5 12.5 0.976 56.7 33.3 0.836 13.02 20.37 28.27 15.21 23.80 33.02
1228 1084 1018 -20.17 122.84 12.25 19.27 26.69 77.6 12.4 0.977 56.7 33.3 0.836 12.54 19.73 27.33 14.66 23.06 31.93
1229 1085 1018 -20.17 122.85 11.63 18.71 25.79 77.7 12.3 0.977 56.7 33.3 0.836 11.90 19.15 26.40 13.91 22.39 30.86
1230 1086 1018 -20.17 122.86 13.42 21.12 30.13 77.7 12.3 0.977 56.6 33.4 0.835 13.74 21.62 30.84 16.07 25.30 36.09
1231 1087 1018 -20.17 122.87 14.4 22.85 31.22 77.8 12.2 0.977 56.6 33.4 0.835 14.73 23.38 31.94 17.25 27.37 37.40
1232 1088 1018 -20.17 122.88 14.19 22.74 31.58 77.9 12.1 0.978 56.6 33.4 0.835 14.51 23.26 32.30 17.00 27.24 37.83
1233 1089 1018 -20.17 122.89 14.96 24.03 32.66 78 12.0 0.978 56.6 33.4 0.835 15.29 24.57 33.39 17.92 28.78 39.12
1234 1090 1018 -20.17 122.9 14.6 23.69 32.12 78 12.0 0.978 56.6 33.4 0.835 14.93 24.22 32.84 17.49 28.38 38.47
1235 1091 1018 -20.17 122.91 14.91 24.25 32.3 78.1 11.9 0.979 56.6 33.4 0.835 15.24 24.78 33.01 17.86 29.05 38.69
1236 1092 1018 -20.17 122.92 14.5 23.69 30.67 78.2 11.8 0.979 56.6 33.4 0.835 14.81 24.20 31.33 17.37 28.38 36.74
1237 1093 1018 -20.17 122.93 13.42 22.35 28.68 78.2 11.8 0.979 56.6 33.4 0.835 13.71 22.83 29.30 16.07 26.77 34.35
1238 1094 1018 -20.17 122.94 12.09 20.11 27.24 78.3 11.7 0.979 56.6 33.4 0.835 12.35 20.54 27.82 14.48 24.09 32.63
1239 1095 1018 -20.17 122.95 12.96 20.67 29.59 78.4 11.6 0.980 56.6 33.4 0.835 13.23 21.10 30.21 15.52 24.76 35.44
1240 1096 1018 -20.17 122.96 14.24 22.52 31.03 78.5 11.5 0.980 56.6 33.4 0.835 14.53 22.98 31.67 17.06 26.97 37.17
1241 1097 1018 -20.17 122.97 14.19 22.52 30.31 78.5 11.5 0.980 56.5 33.5 0.834 14.48 22.98 30.93 17.02 27.01 36.35
1242 1098 1018 -20.17 122.98 13.73 21.96 30.31 78.6 11.4 0.980 56.5 33.5 0.834 14.01 22.40 30.92 16.47 26.33 36.35
1243 1099 1018 -20.17 122.99 13.42 21.17 28.86 78.7 11.3 0.981 56.5 33.5 0.834 13.69 21.59 29.43 16.09 25.39 34.61
1244 1100 1018 -20.17 123 12.5 18.65 28.68 78.8 11.2 0.981 56.5 33.5 0.834 12.74 19.01 29.24 14.99 22.37 34.39
1245 1101 1018 -20.17 123.01 13.63 21.01 30.49 78.8 11.2 0.981 56.5 33.5 0.834 13.89 21.42 31.08 16.35 25.20 36.56
1246 1102 1018 -20.17 123.02 14.5 22.29 31.22 78.9 11.1 0.981 56.5 33.5 0.834 14.78 22.71 31.82 17.39 26.73 37.44
1247 1103 1018 -20.17 123.03 14.5 21.45 31.4 79 11.0 0.982 56.5 33.5 0.834 14.77 21.85 31.99 17.39 25.72 37.66
1248 1104 1018 -20.17 123.04 14.34 20.61 30.49 79.1 10.9 0.982 56.5 33.5 0.834 14.60 20.99 31.05 17.20 24.72 36.56
1249 1105 1018 -20.17 123.05 14.14 20.67 29.77 79.1 10.9 0.982 56.5 33.5 0.834 14.40 21.05 30.32 16.96 24.79 35.70
1250 1106 1018 -20.17 123.06 14.45 21.34 30.49 79.2 10.8 0.982 56.5 33.5 0.834 14.71 21.72 31.04 17.33 25.59 36.56
1251 1107 1018 -20.17 123.07 14.09 20.89 29.77 79.3 10.7 0.983 56.5 33.5 0.834 14.34 21.26 30.30 16.90 25.05 35.70
1252 1108 1018 -20.17 123.08 13.88 20.45 29.59 79.4 10.6 0.983 56.4 33.6 0.833 14.12 20.81 30.10 16.66 24.55 35.53
1253 1109 1018 -20.17 123.09 12.76 19.27 28.32 79.4 10.6 0.983 56.4 33.6 0.833 12.98 19.60 28.81 15.32 23.14 34.00
1254 1110 1018 -20.17 123.1 12.76 19.55 28.5 79.5 10.5 0.983 56.4 33.6 0.833 12.98 19.88 28.99 15.32 23.47 34.22
1255 1111 1018 -20.17 123.11 12.86 20.17 28.5 79.6 10.4 0.984 56.4 33.6 0.833 13.07 20.51 28.98 15.44 24.22 34.22
1256 1112 1018 -20.17 123.12 12.81 20.17 28.14 79.7 10.3 0.984 56.4 33.6 0.833 13.02 20.50 28.60 15.38 24.22 33.78
1257 956 1019 -20.18 121.56 11.48 18.65 25.79 68.4 21.6 0.930 57.8 32.2 0.846 12.35 20.06 27.74 13.57 22.04 30.48
1258 957 1019 -20.18 121.57 10.87 17.65 26.15 68.5 21.5 0.930 57.8 32.2 0.846 11.68 18.97 28.11 12.85 20.86 30.90
1259 958 1019 -20.18 121.58 11.84 19.21 27.6 68.6 21.4 0.931 57.8 32.2 0.846 12.72 20.63 29.64 13.99 22.70 32.62
1260 959 1019 -20.18 121.59 13.01 21.34 28.86 68.6 21.4 0.931 57.8 32.2 0.846 13.97 22.92 31.00 15.37 25.22 34.11
1261 960 1019 -20.18 121.6 13.32 21.73 29.05 68.7 21.3 0.932 57.8 32.2 0.846 14.30 23.32 31.18 15.74 25.68 34.33
1262 961 1019 -20.18 121.61 12.66 20.73 27.96 68.8 21.2 0.932 57.8 32.2 0.846 13.58 22.23 29.99 14.96 24.50 33.04
1263 962 1019 -20.18 121.62 12.76 20.78 28.5 68.8 21.2 0.932 57.8 32.2 0.846 13.69 22.29 30.57 15.08 24.56 33.68
1264 963 1019 -20.18 121.63 11.89 19.61 26.51 68.9 21.1 0.933 57.8 32.2 0.846 12.74 21.02 28.42 14.05 23.17 31.33
1265 964 1019 -20.18 121.64 10.87 17.87 25.61 69 21.0 0.934 57.8 32.2 0.846 11.64 19.14 27.43 12.85 21.12 30.26
1266 965 1019 -20.18 121.65 11.22 18.37 26.33 69.1 20.9 0.934 57.8 32.2 0.846 12.01 19.66 28.18 13.26 21.71 31.12
1267 966 1019 -20.18 121.66 12.35 20.22 27.6 69.1 20.9 0.934 57.7 32.3 0.845 13.22 21.64 29.54 14.61 23.92 32.65
1268 967 1019 -20.18 121.67 12.96 21.23 28.5 69.2 20.8 0.935 57.7 32.3 0.845 13.86 22.71 30.49 15.33 25.12 33.72
1269 968 1019 -20.18 121.68 12.96 21.12 29.41 69.3 20.7 0.935 57.7 32.3 0.845 13.85 22.58 31.44 15.33 24.99 34.79
1270 969 1019 -20.18 121.69 13.88 22.57 30.49 69.3 20.7 0.935 57.7 32.3 0.845 14.84 24.13 32.59 16.42 26.70 36.07
1271 970 1019 -20.18 121.7 13.83 22.52 29.59 69.4 20.6 0.936 57.7 32.3 0.845 14.77 24.06 31.61 16.36 26.64 35.01
1272 971 1019 -20.18 121.71 12.55 20.61 28.5 69.5 20.5 0.937 57.7 32.3 0.845 13.40 22.00 30.43 14.85 24.38 33.72
1273 972 1019 -20.18 121.72 12.3 20.39 27.24 69.5 20.5 0.937 57.7 32.3 0.845 13.13 21.77 29.08 14.55 24.12 32.23
1274 973 1019 -20.18 121.73 10.25 17.25 23.98 69.6 20.4 0.937 57.7 32.3 0.845 10.94 18.40 25.58 12.13 20.41 28.37
1275 974 1019 -20.18 121.74 8.82 14.96 21.81 69.7 20.3 0.938 57.7 32.3 0.845 9.40 15.95 23.25 10.43 17.70 25.80
1276 975 1019 -20.18 121.75 9.13 15.4 22.72 69.7 20.3 0.938 57.7 32.3 0.845 9.73 16.42 24.22 10.80 18.22 26.88
1277 976 1019 -20.18 121.76 9.33 15.85 23.26 69.8 20.2 0.938 57.7 32.3 0.845 9.94 16.89 24.78 11.04 18.75 27.52
1278 977 1019 -20.18 121.77 9.43 15.74 22.9 69.9 20.1 0.939 57.6 32.4 0.844 10.04 16.76 24.39 11.17 18.64 27.12
1279 978 1019 -20.18 121.78 9.28 15.52 22.72 70 20.0 0.940 57.6 32.4 0.844 9.88 16.52 24.18 10.99 18.38 26.91
1280 979 1019 -20.18 121.79 9.13 15.35 22.54 70 20.0 0.940 57.6 32.4 0.844 9.72 16.34 23.99 10.81 18.18 26.70
1281 980 1019 -20.18 121.8 8.82 14.9 22.35 70.1 19.9 0.940 57.6 32.4 0.844 9.38 15.85 23.77 10.45 17.65 26.47
1282 981 1019 -20.18 121.81 9.59 15.24 23.62 70.2 19.8 0.941 57.6 32.4 0.844 10.19 16.20 25.10 11.36 18.05 27.97
1283 982 1019 -20.18 121.82 9.69 15.24 23.08 70.2 19.8 0.941 57.6 32.4 0.844 10.30 16.20 24.53 11.48 18.05 27.34
1284 983 1019 -20.18 121.83 10.2 16.02 24.52 70.3 19.7 0.941 57.6 32.4 0.844 10.83 17.02 26.04 12.08 18.97 29.04
1285 984 1019 -20.18 121.84 11.33 18.04 26.51 70.4 19.6 0.942 57.6 32.4 0.844 12.03 19.15 28.14 13.42 21.37 31.40
1286 985 1019 -20.18 121.85 11.94 19.27 27.24 70.4 19.6 0.942 57.6 32.4 0.844 12.67 20.46 28.92 14.14 22.82 32.26
1287 986 1019 -20.18 121.86 12.3 19.66 27.42 70.5 19.5 0.943 57.6 32.4 0.844 13.05 20.86 29.09 14.57 23.28 32.48
1288 987 1019 -20.18 121.87 11.99 19.1 26.88 70.6 19.4 0.943 57.6 32.4 0.844 12.71 20.25 28.50 14.20 22.62 31.84
1289 988 1019 -20.18 121.88 11.94 18.93 27.42 70.6 19.4 0.943 57.5 32.5 0.843 12.66 20.07 29.07 14.16 22.45 32.51
1290 989 1019 -20.18 121.89 10.51 17.76 24.16 70.7 19.3 0.944 57.5 32.5 0.843 11.14 18.82 25.60 12.46 21.06 28.65
1291 990 1019 -20.18 121.9 11.12 18.43 26.15 70.8 19.2 0.944 57.5 32.5 0.843 11.77 19.52 27.69 13.18 21.85 31.01
1292 991 1019 -20.18 121.91 12.2 19.55 28.5 70.9 19.1 0.945 57.5 32.5 0.843 12.91 20.69 30.16 14.47 23.18 33.79
1293 992 1019 -20.18 121.92 13.47 21.4 30.67 70.9 19.1 0.945 57.5 32.5 0.843 14.25 22.65 32.46 15.97 25.37 36.37
1294 993 1019 -20.18 121.93 14.45 22.8 31.03 71 19.0 0.946 57.5 32.5 0.843 15.28 24.11 32.82 17.13 27.03 36.79
1295 994 1019 -20.18 121.94 12.86 20.45 28.14 71.1 18.9 0.946 57.5 32.5 0.843 13.59 21.62 29.74 15.25 24.25 33.37
1296 995 1019 -20.18 121.95 11.84 18.88 27.42 71.1 18.9 0.946 57.5 32.5 0.843 12.51 19.96 28.98 14.04 22.39 32.51
1297 996 1019 -20.18 121.96 11.02 17.59 26.33 71.2 18.8 0.947 57.5 32.5 0.843 11.64 18.58 27.81 13.07 20.86 31.22
1298 997 1019 -20.18 121.97 10.97 17.81 26.15 71.3 18.7 0.947 57.5 32.5 0.843 11.58 18.80 27.61 13.01 21.12 31.01






  - 279 - 1300 999 1019 -20.18 121.99 11.53 18.88 26.15 71.4 18.6 0.948 57.4 32.6 0.842 12.17 19.92 27.59 13.69 22.41 31.04
1301 1000 1019 -20.18 122 11.38 18.54 25.97 71.5 18.5 0.948 57.4 32.6 0.842 12.00 19.55 27.39 13.51 22.01 30.83
1302 1001 1019 -20.18 122.01 11.27 18.04 25.97 71.6 18.4 0.949 57.4 32.6 0.842 11.88 19.01 27.37 13.38 21.41 30.83
1303 1002 1019 -20.18 122.02 11.68 18.71 26.51 71.6 18.4 0.949 57.4 32.6 0.842 12.31 19.72 27.94 13.86 22.21 31.47
1304 1003 1019 -20.18 122.03 12.14 19.77 27.24 71.7 18.3 0.949 57.4 32.6 0.842 12.79 20.82 28.69 14.41 23.47 32.33
1305 1004 1019 -20.18 122.04 12.76 20.22 28.5 71.8 18.2 0.950 57.4 32.6 0.842 13.43 21.28 30.00 15.15 24.00 33.83
1306 1005 1019 -20.18 122.05 12.86 20.17 28.14 71.8 18.2 0.950 57.4 32.6 0.842 13.54 21.23 29.62 15.26 23.94 33.40
1307 1006 1019 -20.18 122.06 12.2 19.33 27.06 71.9 18.1 0.951 57.4 32.6 0.842 12.84 20.34 28.47 14.48 22.94 32.12
1308 1007 1019 -20.18 122.07 11.68 18.93 26.51 72 18.0 0.951 57.4 32.6 0.842 12.28 19.90 27.87 13.86 22.47 31.47
1309 1008 1019 -20.18 122.08 11.68 19.05 26.69 72.1 17.9 0.952 57.4 32.6 0.842 12.27 20.02 28.05 13.86 22.61 31.68
1310 1009 1019 -20.18 122.09 11.53 18.77 26.33 72.1 17.9 0.952 57.4 32.6 0.842 12.12 19.72 27.67 13.69 22.28 31.25
1311 1010 1019 -20.18 122.1 12.14 19.49 27.6 72.2 17.8 0.952 57.3 32.7 0.842 12.75 20.47 28.99 14.43 23.16 32.80
1312 1011 1019 -20.18 122.11 11.79 19.1 26.88 72.3 17.7 0.953 57.3 32.7 0.842 12.38 20.05 28.22 14.01 22.70 31.94
1313 1012 1019 -20.18 122.12 11.68 18.93 25.79 72.3 17.7 0.953 57.3 32.7 0.842 12.26 19.87 27.07 13.88 22.50 30.65
1314 1013 1019 -20.18 122.13 10.61 16.92 23.44 72.4 17.6 0.953 57.3 32.7 0.842 11.13 17.75 24.59 12.61 20.11 27.85
1315 1014 1019 -20.18 122.14 9.43 15.18 22.17 72.5 17.5 0.954 57.3 32.7 0.842 9.89 15.92 23.25 11.21 18.04 26.35
1316 1015 1019 -20.18 122.15 9.23 15.18 22.35 72.6 17.4 0.954 57.3 32.7 0.842 9.67 15.91 23.42 10.97 18.04 26.56
1317 1016 1019 -20.18 122.16 9.23 15.12 22.72 72.6 17.4 0.954 57.3 32.7 0.842 9.67 15.85 23.81 10.97 17.97 27.00
1318 1017 1019 -20.18 122.17 9.18 14.73 22.54 72.7 17.3 0.955 57.3 32.7 0.842 9.61 15.43 23.61 10.91 17.50 26.79
1319 1018 1019 -20.18 122.18 8.97 15.01 21.81 72.8 17.2 0.955 57.3 32.7 0.842 9.39 15.71 22.83 10.66 17.84 25.92
1320 1019 1019 -20.18 122.19 8.97 15.46 22.35 72.8 17.2 0.955 57.3 32.7 0.842 9.39 16.18 23.40 10.66 18.37 26.56
1321 1020 1019 -20.18 122.2 9.23 15.46 23.08 72.9 17.1 0.956 57.3 32.7 0.842 9.66 16.18 24.15 10.97 18.37 27.43
1322 1021 1019 -20.18 122.21 9.48 15.29 23.08 73 17.0 0.956 57.2 32.8 0.841 9.91 15.99 24.13 11.28 18.19 27.46
1323 1022 1019 -20.18 122.22 10 15.85 24.71 73.1 16.9 0.957 57.2 32.8 0.841 10.45 16.57 25.83 11.90 18.86 29.40
1324 1023 1019 -20.18 122.23 11.53 18.32 26.69 73.1 16.9 0.957 57.2 32.8 0.841 12.05 19.15 27.89 13.72 21.79 31.75
1325 1024 1019 -20.18 122.24 11.02 17.87 25.07 73.2 16.8 0.957 57.2 32.8 0.841 11.51 18.67 26.19 13.11 21.26 29.83
1326 1025 1019 -20.18 122.25 10.97 17.53 24.89 73.3 16.7 0.958 57.2 32.8 0.841 11.45 18.30 25.99 13.05 20.85 29.61
1327 1026 1019 -20.18 122.26 10.71 17.25 24.89 73.3 16.7 0.958 57.2 32.8 0.841 11.18 18.01 25.99 12.74 20.52 29.61
1328 1027 1019 -20.18 122.27 10.51 17.31 24.16 73.4 16.6 0.958 57.2 32.8 0.841 10.97 18.06 25.21 12.50 20.59 28.74
1329 1028 1019 -20.18 122.28 10.25 16.75 24.34 73.5 16.5 0.959 57.2 32.8 0.841 10.69 17.47 25.39 12.19 19.93 28.96
1330 1029 1019 -20.18 122.29 10.25 16.64 24.16 73.6 16.4 0.959 57.2 32.8 0.841 10.68 17.35 25.18 12.19 19.80 28.74
1331 1030 1019 -20.18 122.3 9.94 16.19 23.8 73.6 16.4 0.959 57.2 32.8 0.841 10.36 16.88 24.81 11.83 19.26 28.31
1332 1031 1019 -20.18 122.31 10.35 16.8 24.16 73.7 16.3 0.960 57.2 32.8 0.841 10.78 17.50 25.17 12.31 19.99 28.74
1333 1032 1019 -20.18 122.32 10.2 16.75 24.34 73.8 16.2 0.960 57.1 32.9 0.840 10.62 17.44 25.35 12.15 19.95 28.99
1334 1033 1019 -20.18 122.33 10.35 17.08 24.89 73.8 16.2 0.960 57.1 32.9 0.840 10.78 17.79 25.92 12.33 20.34 29.64
1335 1034 1019 -20.18 122.34 10.87 17.7 25.97 73.9 16.1 0.961 57.1 32.9 0.840 11.31 18.42 27.03 12.95 21.08 30.93
1336 1035 1019 -20.18 122.35 11.17 18.15 26.69 74 16.0 0.961 57.1 32.9 0.840 11.62 18.88 27.77 13.30 21.62 31.79
1337 1036 1019 -20.18 122.36 11.58 18.54 27.6 74.1 15.9 0.962 57.1 32.9 0.840 12.04 19.28 28.70 13.79 22.08 32.87
1338 1037 1019 -20.18 122.37 10.97 17.81 25.79 74.1 15.9 0.962 57.1 32.9 0.840 11.41 18.52 26.82 13.07 21.21 30.72
1339 1038 1019 -20.18 122.38 10.92 18.21 25.79 74.2 15.8 0.962 57.1 32.9 0.840 11.35 18.93 26.80 13.01 21.69 30.72
1340 1039 1019 -20.18 122.39 11.02 18.37 25.43 74.3 15.7 0.963 57.1 32.9 0.840 11.45 19.08 26.42 13.12 21.88 30.29
1341 1040 1019 -20.18 122.4 10.61 17.76 24.52 74.3 15.7 0.963 57.1 32.9 0.840 11.02 18.45 25.47 12.64 21.15 29.20
1342 1041 1019 -20.18 122.41 10.1 17.14 24.34 74.4 15.6 0.963 57.1 32.9 0.840 10.49 17.80 25.27 12.03 20.41 28.99
1343 1042 1019 -20.18 122.42 10.71 17.93 26.15 74.5 15.5 0.964 57 33 0.839 11.11 18.61 27.14 12.77 21.38 31.18
1344 1043 1019 -20.18 122.43 12.04 19.44 28.32 74.6 15.4 0.964 57 33 0.839 12.49 20.16 29.37 14.36 23.18 33.77
1345 1044 1019 -20.18 122.44 12.66 20.11 28.86 74.6 15.4 0.964 57 33 0.839 13.13 20.86 29.93 15.10 23.98 34.41
1346 1045 1019 -20.18 122.45 11.79 18.82 27.06 74.7 15.3 0.965 57 33 0.839 12.22 19.51 28.05 14.06 22.44 32.27
1347 1046 1019 -20.18 122.46 11.33 17.98 26.88 74.8 15.2 0.965 57 33 0.839 11.74 18.63 27.85 13.51 21.44 32.05
1348 1047 1019 -20.18 122.47 11.48 18.21 27.06 74.9 15.1 0.965 57 33 0.839 11.89 18.86 28.03 13.69 21.71 32.27
1349 1048 1019 -20.18 122.48 11.33 18.21 26.51 74.9 15.1 0.965 57 33 0.839 11.74 18.86 27.46 13.51 21.71 31.61
1350 1049 1019 -20.18 122.49 11.63 18.82 26.88 75 15.0 0.966 57 33 0.839 12.04 19.48 27.83 13.87 22.44 32.05
1351 1050 1019 -20.18 122.5 11.27 18.32 26.51 75.1 14.9 0.966 57 33 0.839 11.66 18.96 27.43 13.44 21.84 31.61
1352 1051 1019 -20.18 122.51 11.38 18.15 27.24 75.1 14.9 0.966 57 33 0.839 11.78 18.78 28.19 13.57 21.64 32.48
1353 1052 1019 -20.18 122.52 11.53 18.49 27.78 75.2 14.8 0.967 57 33 0.839 11.93 19.12 28.73 13.75 22.05 33.12
1354 1053 1019 -20.18 122.53 12.55 20.22 29.95 75.3 14.7 0.967 56.9 33.1 0.838 12.97 20.90 30.96 14.98 24.14 35.75
1355 1054 1019 -20.18 122.54 14.34 23.53 32.48 75.4 14.6 0.968 56.9 33.1 0.838 14.82 24.32 33.56 17.12 28.09 38.77
1356 1055 1019 -20.18 122.55 14.75 23.81 32.84 75.4 14.6 0.968 56.9 33.1 0.838 15.24 24.60 33.94 17.61 28.42 39.20
1357 1056 1019 -20.18 122.56 14.6 23.64 32.12 75.5 14.5 0.968 56.9 33.1 0.838 15.08 24.42 33.18 17.43 28.22 38.34
1358 1057 1019 -20.18 122.57 14.5 23.41 32.3 75.6 14.4 0.969 56.9 33.1 0.838 14.97 24.17 33.35 17.31 27.94 38.56
1359 1058 1019 -20.18 122.58 15.06 24.14 33.02 75.7 14.3 0.969 56.9 33.1 0.838 15.54 24.91 34.08 17.98 28.82 39.42
1360 1059 1019 -20.18 122.59 14.81 23.86 32.66 75.7 14.3 0.969 56.9 33.1 0.838 15.28 24.62 33.70 17.68 28.48 38.99
1361 1060 1019 -20.18 122.6 15.42 24.48 33.75 75.8 14.2 0.969 56.9 33.1 0.838 15.91 25.25 34.81 18.41 29.22 40.29
1362 1061 1019 -20.18 122.61 15.68 24.87 33.75 75.9 14.1 0.970 56.9 33.1 0.838 16.17 25.64 34.80 18.72 29.69 40.29
1363 1062 1019 -20.18 122.62 15.42 24.48 33.39 75.9 14.1 0.970 56.9 33.1 0.838 15.90 25.24 34.43 18.41 29.22 39.86
1364 1063 1019 -20.18 122.63 15.27 24.42 33.2 76 14.0 0.970 56.9 33.1 0.838 15.74 25.17 34.22 18.23 29.15 39.63
1365 1064 1019 -20.18 122.64 15.47 24.65 33.75 76.1 13.9 0.971 56.8 33.2 0.837 15.94 25.39 34.77 18.49 29.46 40.33
1366 1065 1019 -20.18 122.65 14.24 23.25 30.67 76.2 13.8 0.971 56.8 33.2 0.837 14.66 23.94 31.58 17.02 27.79 36.65
1367 1066 1019 -20.18 122.66 15.01 23.81 31.94 76.2 13.8 0.971 56.8 33.2 0.837 15.46 24.52 32.89 17.94 28.45 38.17
1368 1067 1019 -20.18 122.67 14.4 22.97 31.22 76.3 13.7 0.972 56.8 33.2 0.837 14.82 23.64 32.13 17.21 27.45 37.31
1369 1068 1019 -20.18 122.68 14.45 23.08 31.76 76.4 13.6 0.972 56.8 33.2 0.837 14.87 23.75 32.68 17.27 27.58 37.96
1370 1069 1019 -20.18 122.69 15.06 24.03 32.66 76.5 13.5 0.972 56.8 33.2 0.837 15.49 24.71 33.59 18.00 28.72 39.03
1371 1070 1019 -20.18 122.7 15.62 24.76 33.75 76.5 13.5 0.972 56.8 33.2 0.837 16.06 25.46 34.71 18.67 29.59 40.33
1372 1071 1019 -20.18 122.71 15.52 24.53 33.39 76.6 13.4 0.973 56.8 33.2 0.837 15.95 25.22 34.32 18.55 29.32 39.90
1373 1072 1019 -20.18 122.72 15.47 24.37 33.75 76.7 13.3 0.973 56.8 33.2 0.837 15.90 25.04 34.68 18.49 29.12 40.33
1374 1073 1019 -20.18 122.73 16.03 25.04 34.65 76.8 13.2 0.974 56.8 33.2 0.837 16.47 25.72 35.59 19.16 29.92 41.41
1375 1074 1019 -20.18 122.74 16.29 25.32 34.65 76.8 13.2 0.974 56.8 33.2 0.837 16.73 26.01 35.59 19.47 30.26 41.41
1376 1075 1019 -20.18 122.75 15.68 24.53 33.75 76.9 13.1 0.974 56.7 33.3 0.836 16.10 25.19 34.65 18.76 29.35 40.38
1377 1076 1019 -20.18 122.76 15.57 24.25 34.29 77 13.0 0.974 56.7 33.3 0.836 15.98 24.89 35.19 18.63 29.01 41.03
1378 1077 1019 -20.18 122.77 15.27 23.75 33.75 77 13.0 0.974 56.7 33.3 0.836 15.67 24.37 34.64 18.27 28.42 40.38
1379 1078 1019 -20.18 122.78 15.37 24.14 33.93 77.1 12.9 0.975 56.7 33.3 0.836 15.77 24.77 34.81 18.39 28.88 40.60
1380 1079 1019 -20.18 122.79 15.37 24.14 33.93 77.2 12.8 0.975 56.7 33.3 0.836 15.76 24.76 34.79 18.39 28.88 40.60
1381 1080 1019 -20.18 122.8 15.42 24.25 32.84 77.3 12.7 0.976 56.7 33.3 0.836 15.81 24.86 33.66 18.45 29.01 39.29
1382 1081 1019 -20.18 122.81 12.14 18.93 27.24 77.3 12.7 0.976 56.7 33.3 0.836 12.44 19.40 27.92 14.52 22.65 32.59
1383 1082 1019 -20.18 122.82 12.09 18.99 27.6 77.4 12.6 0.976 56.7 33.3 0.836 12.39 19.46 28.28 14.47 22.72 33.02
1384 1083 1019 -20.18 122.83 12.71 19.89 28.32 77.5 12.5 0.976 56.7 33.3 0.836 13.02 20.37 29.01 15.21 23.80 33.88
1385 1084 1019 -20.18 122.84 12.81 20.17 28.14 77.6 12.4 0.977 56.7 33.3 0.836 13.12 20.65 28.81 15.33 24.13 33.67
1386 1085 1019 -20.18 122.85 12.76 20.22 27.78 77.6 12.4 0.977 56.7 33.3 0.836 13.06 20.70 28.44 15.27 24.19 33.24
1387 1086 1019 -20.18 122.86 14.29 23.19 31.03 77.7 12.3 0.977 56.6 33.4 0.835 14.63 23.73 31.76 17.12 27.78 37.17
1388 1087 1019 -20.18 122.87 14.24 23.08 31.58 77.8 12.2 0.977 56.6 33.4 0.835 14.57 23.61 32.31 17.06 27.65 37.83
1389 1088 1019 -20.18 122.88 14.91 23.92 32.12 77.9 12.1 0.978 56.6 33.4 0.835 15.25 24.46 32.85 17.86 28.65 38.47
1390 1089 1019 -20.18 122.89 13.83 22.24 29.77 77.9 12.1 0.978 56.6 33.4 0.835 14.14 22.75 30.45 16.57 26.64 35.66
1391 1090 1019 -20.18 122.9 13.32 21.62 30.67 78 12.0 0.978 56.6 33.4 0.835 13.62 22.10 31.36 15.96 25.90 36.74
1392 1091 1019 -20.18 122.91 14.55 23.86 31.76 78.1 11.9 0.979 56.6 33.4 0.835 14.87 24.38 32.46 17.43 28.58 38.04
1393 1092 1019 -20.18 122.92 14.65 23.97 31.22 78.2 11.8 0.979 56.6 33.4 0.835 14.97 24.49 31.89 17.55 28.71 37.40
1394 1093 1019 -20.18 122.93 14.45 23.47 30.85 78.2 11.8 0.979 56.6 33.4 0.835 14.76 23.98 31.52 17.31 28.11 36.95
1395 1094 1019 -20.18 122.94 13.73 22.35 29.23 78.3 11.7 0.979 56.6 33.4 0.835 14.02 22.82 29.85 16.45 26.77 35.01
1396 1095 1019 -20.18 122.95 12.61 19.94 27.6 78.4 11.6 0.980 56.6 33.4 0.835 12.87 20.36 28.18 15.10 23.88 33.06
1397 1096 1019 -20.18 122.96 12.61 19.16 29.59 78.5 11.5 0.980 56.6 33.4 0.835 12.87 19.55 30.20 15.10 22.95 35.44
1398 1097 1019 -20.18 122.97 14.24 22.57 31.4 78.5 11.5 0.980 56.5 33.5 0.834 14.53 23.03 32.04 17.08 27.07 37.66
1399 1098 1019 -20.18 122.98 14.29 22.46 30.67 78.6 11.4 0.980 56.5 33.5 0.834 14.58 22.91 31.29 17.14 26.93 36.78




  - 280 - 1401 1100 1019 -20.18 123 13.17 19.05 29.23 78.8 11.2 0.981 56.5 33.5 0.834 13.43 19.42 29.80 15.79 22.84 35.05
1402 1101 1019 -20.18 123.01 12.35 18.21 28.86 78.8 11.2 0.981 56.5 33.5 0.834 12.59 18.56 29.42 14.81 21.84 34.61
1403 1102 1019 -20.18 123.02 14.19 22.24 31.58 78.9 11.1 0.981 56.5 33.5 0.834 14.46 22.66 32.18 17.02 26.67 37.87
1404 1103 1019 -20.18 123.03 15.11 23.75 32.48 79 11.0 0.982 56.5 33.5 0.834 15.39 24.19 33.09 18.12 28.48 38.95
1405 1104 1019 -20.18 123.04 15.21 22.97 32.3 79 11.0 0.982 56.5 33.5 0.834 15.49 23.40 32.90 18.24 27.55 38.73
1406 1105 1019 -20.18 123.05 14.86 21.57 31.22 79.1 10.9 0.982 56.5 33.5 0.834 15.13 21.97 31.79 17.82 25.87 37.44
1407 1106 1019 -20.18 123.06 14.45 21.34 30.49 79.2 10.8 0.982 56.5 33.5 0.834 14.71 21.72 31.04 17.33 25.59 36.56
1408 1107 1019 -20.18 123.07 13.53 20 29.41 79.3 10.7 0.983 56.5 33.5 0.834 13.77 20.35 29.93 16.23 23.98 35.27
1409 1108 1019 -20.18 123.08 13.47 20.45 29.59 79.3 10.7 0.983 56.4 33.6 0.833 13.71 20.81 30.11 16.17 24.55 35.53
1410 1109 1019 -20.18 123.09 13.78 20.61 29.95 79.4 10.6 0.983 56.4 33.6 0.833 14.02 20.97 30.47 16.54 24.74 35.96
1411 1110 1019 -20.18 123.1 13.27 19.27 29.59 79.5 10.5 0.983 56.4 33.6 0.833 13.50 19.60 30.09 15.93 23.14 35.53
1412 1111 1019 -20.18 123.11 13.42 19.44 29.23 79.6 10.4 0.984 56.4 33.6 0.833 13.64 19.76 29.72 16.11 23.34 35.09
1413 1112 1019 -20.18 123.12 12.96 19.44 28.14 79.6 10.4 0.984 56.4 33.6 0.833 13.18 19.76 28.61 15.56 23.34 33.78
1414 956 1020 -20.19 121.56 12.09 20.11 26.69 68.4 21.6 0.930 57.8 32.2 0.846 13.00 21.63 28.71 14.29 23.77 31.54
1415 957 1020 -20.19 121.57 11.68 19.38 26.88 68.5 21.5 0.930 57.8 32.2 0.846 12.55 20.83 28.89 13.80 22.90 31.77
1416 958 1020 -20.19 121.58 11.48 18.99 27.06 68.6 21.4 0.931 57.8 32.2 0.846 12.33 20.40 29.06 13.57 22.44 31.98
1417 959 1020 -20.19 121.59 12.04 19.89 27.96 68.6 21.4 0.931 57.8 32.2 0.846 12.93 21.36 30.03 14.23 23.51 33.04
1418 960 1020 -20.19 121.6 12.55 20.67 28.14 68.7 21.3 0.932 57.8 32.2 0.846 13.47 22.19 30.20 14.83 24.43 33.25
1419 961 1020 -20.19 121.61 12.96 21.34 29.05 68.8 21.2 0.932 57.8 32.2 0.846 13.90 22.89 31.16 15.32 25.22 34.33
1420 962 1020 -20.19 121.62 12.86 21.34 28.5 68.8 21.2 0.932 57.8 32.2 0.846 13.79 22.89 30.57 15.20 25.22 33.68
1421 963 1020 -20.19 121.63 12.91 21.57 29.05 68.9 21.1 0.933 57.8 32.2 0.846 13.84 23.12 31.14 15.26 25.49 34.33
1422 964 1020 -20.19 121.64 13.27 21.96 28.68 69 21.0 0.934 57.8 32.2 0.846 14.21 23.52 30.72 15.68 25.95 33.89
1423 965 1020 -20.19 121.65 12.09 19.77 26.51 69 21.0 0.934 57.8 32.2 0.846 12.95 21.18 28.40 14.29 23.36 31.33
1424 966 1020 -20.19 121.66 10.81 17.53 25.61 69.1 20.9 0.934 57.7 32.3 0.845 11.57 18.76 27.41 12.79 20.74 30.30
1425 967 1020 -20.19 121.67 11.38 18.49 27.06 69.2 20.8 0.935 57.7 32.3 0.845 12.17 19.78 28.95 13.46 21.87 32.01
1426 968 1020 -20.19 121.68 11.07 17.87 26.88 69.2 20.8 0.935 57.7 32.3 0.845 11.84 19.12 28.75 13.10 21.14 31.80
1427 969 1020 -20.19 121.69 12.96 20.95 29.41 69.3 20.7 0.935 57.7 32.3 0.845 13.85 22.40 31.44 15.33 24.79 34.79
1428 970 1020 -20.19 121.7 13.68 21.9 29.23 69.4 20.6 0.936 57.7 32.3 0.845 14.61 23.40 31.23 16.18 25.91 34.58
1429 971 1020 -20.19 121.71 12.04 19.44 27.42 69.4 20.6 0.936 57.7 32.3 0.845 12.86 20.77 29.29 14.24 23.00 32.44
1430 972 1020 -20.19 121.72 12.2 19.89 28.32 69.5 20.5 0.937 57.7 32.3 0.845 13.02 21.23 30.23 14.43 23.53 33.50
1431 973 1020 -20.19 121.73 11.99 19.83 27.42 69.6 20.4 0.937 57.7 32.3 0.845 12.79 21.16 29.25 14.18 23.46 32.44
1432 974 1020 -20.19 121.74 10.87 17.87 25.43 69.7 20.3 0.938 57.7 32.3 0.845 11.59 19.05 27.11 12.86 21.14 30.09
1433 975 1020 -20.19 121.75 9.74 16.52 23.98 69.7 20.3 0.938 57.7 32.3 0.845 10.39 17.61 25.57 11.52 19.54 28.37
1434 976 1020 -20.19 121.76 9.94 16.75 24.52 69.8 20.2 0.938 57.7 32.3 0.845 10.59 17.85 26.13 11.76 19.82 29.01
1435 977 1020 -20.19 121.77 10.2 16.75 24.16 69.9 20.1 0.939 57.6 32.4 0.844 10.86 17.84 25.73 12.08 19.84 28.61
1436 978 1020 -20.19 121.78 9.94 15.96 23.8 69.9 20.1 0.939 57.6 32.4 0.844 10.58 17.00 25.34 11.77 18.90 28.19
1437 979 1020 -20.19 121.79 9.94 15.68 23.44 70 20.0 0.940 57.6 32.4 0.844 10.58 16.69 24.94 11.77 18.57 27.76
1438 980 1020 -20.19 121.8 9.59 15.35 23.08 70.1 19.9 0.940 57.6 32.4 0.844 10.20 16.32 24.55 11.36 18.18 27.34
1439 981 1020 -20.19 121.81 9.48 15.12 23.26 70.1 19.9 0.940 57.6 32.4 0.844 10.08 16.08 24.74 11.23 17.91 27.55
1440 982 1020 -20.19 121.82 9.48 14.9 22.9 70.2 19.8 0.941 57.6 32.4 0.844 10.08 15.84 24.34 11.23 17.65 27.12
1441 983 1020 -20.19 121.83 9.74 15.18 22.9 70.3 19.7 0.941 57.6 32.4 0.844 10.35 16.12 24.32 11.54 17.98 27.12
1442 984 1020 -20.19 121.84 9.84 15.52 23.98 70.4 19.6 0.942 57.6 32.4 0.844 10.45 16.47 25.45 11.65 18.38 28.40
1443 985 1020 -20.19 121.85 11.27 17.93 26.88 70.4 19.6 0.942 57.6 32.4 0.844 11.96 19.03 28.53 13.35 21.24 31.84
1444 986 1020 -20.19 121.86 12.45 19.66 27.78 70.5 19.5 0.943 57.6 32.4 0.844 13.21 20.86 29.47 14.75 23.28 32.90
1445 987 1020 -20.19 121.87 12.4 19.66 27.78 70.6 19.4 0.943 57.6 32.4 0.844 13.15 20.84 29.45 14.69 23.28 32.90
1446 988 1020 -20.19 121.88 12.4 19.61 27.24 70.6 19.4 0.943 57.5 32.5 0.843 13.15 20.79 28.88 14.70 23.25 32.30
1447 989 1020 -20.19 121.89 11.99 19.27 26.33 70.7 19.3 0.944 57.5 32.5 0.843 12.70 20.42 27.90 14.22 22.85 31.22
1448 990 1020 -20.19 121.9 11.12 18.43 24.89 70.8 19.2 0.944 57.5 32.5 0.843 11.77 19.52 26.36 13.18 21.85 29.51
1449 991 1020 -20.19 121.91 11.48 18.99 26.33 70.8 19.2 0.944 57.5 32.5 0.843 12.16 20.11 27.88 13.61 22.52 31.22
1450 992 1020 -20.19 121.92 12.14 19.72 28.14 70.9 19.1 0.945 57.5 32.5 0.843 12.85 20.87 29.78 14.39 23.38 33.37
1451 993 1020 -20.19 121.93 13.27 21.06 29.95 71 19.0 0.946 57.5 32.5 0.843 14.03 22.27 31.68 15.73 24.97 35.51
1452 994 1020 -20.19 121.94 13.73 21.79 29.77 71.1 18.9 0.946 57.5 32.5 0.843 14.51 23.03 31.47 16.28 25.84 35.30
1453 995 1020 -20.19 121.95 12.4 19.89 27.24 71.1 18.9 0.946 57.5 32.5 0.843 13.11 21.02 28.79 14.70 23.58 32.30
1454 996 1020 -20.19 121.96 13.27 20.89 28.86 71.2 18.8 0.947 57.5 32.5 0.843 14.02 22.07 30.49 15.73 24.77 34.22
1455 997 1020 -20.19 121.97 11.84 18.82 26.69 71.3 18.7 0.947 57.5 32.5 0.843 12.50 19.87 28.18 14.04 22.31 31.65
1456 998 1020 -20.19 121.98 11.43 18.71 25.79 71.3 18.7 0.947 57.5 32.5 0.843 12.07 19.75 27.23 13.55 22.18 30.58
1457 999 1020 -20.19 121.99 11.84 19.38 26.88 71.4 18.6 0.948 57.4 32.6 0.842 12.49 20.45 28.36 14.05 23.00 31.91
1458 1000 1020 -20.19 122 12.35 19.77 27.6 71.5 18.5 0.948 57.4 32.6 0.842 13.02 20.85 29.10 14.66 23.47 32.76
1459 1001 1020 -20.19 122.01 12.2 19.49 26.51 71.5 18.5 0.948 57.4 32.6 0.842 12.86 20.55 27.95 14.48 23.13 31.47
1460 1002 1020 -20.19 122.02 11.58 18.6 26.15 71.6 18.4 0.949 57.4 32.6 0.842 12.20 19.60 27.56 13.75 22.08 31.04
1461 1003 1020 -20.19 122.03 12.35 19.94 27.24 71.7 18.3 0.949 57.4 32.6 0.842 13.01 21.00 28.69 14.66 23.67 32.33
1462 1004 1020 -20.19 122.04 12.66 20.28 27.96 71.8 18.2 0.950 57.4 32.6 0.842 13.33 21.35 29.43 15.03 24.07 33.19
1463 1005 1020 -20.19 122.05 12.66 19.77 27.78 71.8 18.2 0.950 57.4 32.6 0.842 13.33 20.81 29.24 15.03 23.47 32.98
1464 1006 1020 -20.19 122.06 10.76 16.97 25.43 71.9 18.1 0.951 57.4 32.6 0.842 11.32 17.85 26.75 12.77 20.14 30.19
1465 1007 1020 -20.19 122.07 11.53 18.43 26.15 72 18.0 0.951 57.4 32.6 0.842 12.12 19.38 27.50 13.69 21.88 31.04
1466 1008 1020 -20.19 122.08 11.38 18.49 25.79 72 18.0 0.951 57.4 32.6 0.842 11.97 19.44 27.12 13.51 21.95 30.61
1467 1009 1020 -20.19 122.09 11.53 18.54 26.88 72.1 17.9 0.952 57.4 32.6 0.842 12.12 19.48 28.25 13.69 22.01 31.91
1468 1010 1020 -20.19 122.1 10.92 17.31 25.61 72.2 17.8 0.952 57.3 32.7 0.842 11.47 18.18 26.90 12.98 20.57 30.43
1469 1011 1020 -20.19 122.11 11.58 18.37 26.69 72.3 17.7 0.953 57.3 32.7 0.842 12.16 19.28 28.02 13.76 21.83 31.72
1470 1012 1020 -20.19 122.12 12.04 19.38 27.06 72.3 17.7 0.953 57.3 32.7 0.842 12.64 20.34 28.40 14.31 23.03 32.16
1471 1013 1020 -20.19 122.13 11.17 18.54 25.25 72.4 17.6 0.953 57.3 32.7 0.842 11.72 19.45 26.49 13.27 22.03 30.01
1472 1014 1020 -20.19 122.14 11.02 18.09 24.52 72.5 17.5 0.954 57.3 32.7 0.842 11.55 18.97 25.71 13.10 21.50 29.14
1473 1015 1020 -20.19 122.15 9.94 16.13 22.9 72.5 17.5 0.954 57.3 32.7 0.842 10.42 16.91 24.01 11.81 19.17 27.21
1474 1016 1020 -20.19 122.16 9.07 14.79 22.17 72.6 17.4 0.954 57.3 32.7 0.842 9.50 15.50 23.23 10.78 17.58 26.35
1475 1017 1020 -20.19 122.17 9.84 16.24 22.9 72.7 17.3 0.955 57.3 32.7 0.842 10.31 17.01 23.99 11.69 19.30 27.21
1476 1018 1020 -20.19 122.18 9.13 15.01 22.35 72.8 17.2 0.955 57.3 32.7 0.842 9.56 15.71 23.40 10.85 17.84 26.56
1477 1019 1020 -20.19 122.19 9.18 15.01 22.72 72.8 17.2 0.955 57.3 32.7 0.842 9.61 15.71 23.78 10.91 17.84 27.00
1478 1020 1020 -20.19 122.2 9.23 15.35 22.54 72.9 17.1 0.956 57.3 32.7 0.842 9.66 16.06 23.58 10.97 18.24 26.79
1479 1021 1020 -20.19 122.21 9.28 15.4 23.08 73 17.0 0.956 57.2 32.8 0.841 9.70 16.10 24.13 11.04 18.32 27.46
1480 1022 1020 -20.19 122.22 10.05 16.36 24.52 73 17.0 0.956 57.2 32.8 0.841 10.51 17.11 25.64 11.96 19.46 29.17
1481 1023 1020 -20.19 122.23 10.97 17.53 25.61 73.1 16.9 0.957 57.2 32.8 0.841 11.47 18.32 26.77 13.05 20.85 30.47
1482 1024 1020 -20.19 122.24 11.17 17.98 25.97 73.2 16.8 0.957 57.2 32.8 0.841 11.67 18.78 27.13 13.29 21.39 30.90
1483 1025 1020 -20.19 122.25 10.81 17.53 25.07 73.3 16.7 0.958 57.2 32.8 0.841 11.29 18.30 26.17 12.86 20.85 29.83
1484 1026 1020 -20.19 122.26 11.02 17.65 24.89 73.3 16.7 0.958 57.2 32.8 0.841 11.51 18.43 25.99 13.11 21.00 29.61
1485 1027 1020 -20.19 122.27 10.71 17.03 23.98 73.4 16.6 0.958 57.2 32.8 0.841 11.18 17.77 25.02 12.74 20.26 28.53
1486 1028 1020 -20.19 122.28 9.94 16.47 23.62 73.5 16.5 0.959 57.2 32.8 0.841 10.37 17.18 24.63 11.83 19.59 28.10
1487 1029 1020 -20.19 122.29 10.15 16.92 24.34 73.5 16.5 0.959 57.2 32.8 0.841 10.59 17.65 25.39 12.08 20.13 28.96
1488 1030 1020 -20.19 122.3 10.76 17.42 25.25 73.6 16.4 0.959 57.2 32.8 0.841 11.22 18.16 26.32 12.80 20.72 30.04
1489 1031 1020 -20.19 122.31 9.69 16.08 23.26 73.7 16.3 0.960 57.1 32.9 0.840 10.10 16.75 24.23 11.54 19.15 27.70
1490 1032 1020 -20.19 122.32 10.05 16.58 23.8 73.8 16.2 0.960 57.1 32.9 0.840 10.47 17.27 24.78 11.97 19.75 28.35
1491 1033 1020 -20.19 122.33 10.05 16.92 23.98 73.8 16.2 0.960 57.1 32.9 0.840 10.47 17.62 24.97 11.97 20.15 28.56
1492 1034 1020 -20.19 122.34 10.25 17.25 24.89 73.9 16.1 0.961 57.1 32.9 0.840 10.67 17.95 25.91 12.21 20.55 29.64
1493 1035 1020 -20.19 122.35 10.97 17.93 26.51 74 16.0 0.961 57.1 32.9 0.840 11.41 18.65 27.58 13.07 21.35 31.57
1494 1036 1020 -20.19 122.36 11.58 18.71 27.06 74 16.0 0.961 57.1 32.9 0.840 12.05 19.46 28.15 13.79 22.28 32.23
1495 1037 1020 -20.19 122.37 11.38 18.65 26.33 74.1 15.9 0.962 57.1 32.9 0.840 11.83 19.39 27.38 13.55 22.21 31.36
1496 1038 1020 -20.19 122.38 10.92 18.43 25.25 74.2 15.8 0.962 57.1 32.9 0.840 11.35 19.15 26.24 13.01 21.95 30.07
1497 1039 1020 -20.19 122.39 10.87 18.54 24.71 74.3 15.7 0.963 57.1 32.9 0.840 11.29 19.26 25.67 12.95 22.08 29.43
1498 1040 1020 -20.19 122.4 10.46 17.98 24.16 74.3 15.7 0.963 57.1 32.9 0.840 10.87 18.68 25.10 12.46 21.41 28.77
1499 1041 1020 -20.19 122.41 10.46 17.53 24.52 74.4 15.6 0.963 57.1 32.9 0.840 10.86 18.20 25.46 12.46 20.88 29.20






  - 281 - 1501 1043 1020 -20.19 122.43 11.22 18.77 26.88 74.5 15.5 0.964 57 33 0.839 11.64 19.48 27.89 13.38 22.38 32.05
1502 1044 1020 -20.19 122.44 12.96 20.61 28.68 74.6 15.4 0.964 57 33 0.839 13.44 21.38 29.75 15.45 24.57 34.20
1503 1045 1020 -20.19 122.45 12.91 20.5 28.14 74.7 15.3 0.965 57 33 0.839 13.38 21.25 29.17 15.39 24.44 33.55
1504 1046 1020 -20.19 122.46 11.74 18.6 26.33 74.8 15.2 0.965 57 33 0.839 12.17 19.27 27.28 14.00 22.18 31.39
1505 1047 1020 -20.19 122.47 10.76 17.31 25.43 74.8 15.2 0.965 57 33 0.839 11.15 17.94 26.35 12.83 20.64 30.32
1506 1048 1020 -20.19 122.48 10.81 17.7 26.15 74.9 15.1 0.965 57 33 0.839 11.20 18.33 27.09 12.89 21.10 31.18
1507 1049 1020 -20.19 122.49 11.53 18.77 27.06 75 15.0 0.966 57 33 0.839 11.94 19.43 28.01 13.75 22.38 32.27
1508 1050 1020 -20.19 122.5 11.17 18.21 26.33 75.1 14.9 0.966 57 33 0.839 11.56 18.84 27.25 13.32 21.71 31.39
1509 1051 1020 -20.19 122.51 11.38 18.32 26.69 75.1 14.9 0.966 57 33 0.839 11.78 18.96 27.62 13.57 21.84 31.82
1510 1052 1020 -20.19 122.52 12.04 19.33 28.32 75.2 14.8 0.967 57 33 0.839 12.45 19.99 29.29 14.36 23.05 33.77
1511 1053 1020 -20.19 122.53 12.45 20.05 29.77 75.3 14.7 0.967 56.9 33.1 0.838 12.87 20.73 30.78 14.86 23.93 35.54
1512 1054 1020 -20.19 122.54 14.19 22.97 32.12 75.3 14.7 0.967 56.9 33.1 0.838 14.67 23.75 33.21 16.94 27.42 38.34
1513 1055 1020 -20.19 122.55 14.4 23.75 31.76 75.4 14.6 0.968 56.9 33.1 0.838 14.88 24.54 32.82 17.19 28.35 37.91
1514 1056 1020 -20.19 122.56 14.5 23.53 31.94 75.5 14.5 0.968 56.9 33.1 0.838 14.98 24.30 32.99 17.31 28.09 38.13
1515 1057 1020 -20.19 122.57 14.4 23.36 31.4 75.6 14.4 0.969 56.9 33.1 0.838 14.87 24.12 32.42 17.19 27.89 37.48
1516 1058 1020 -20.19 122.58 14.45 23.64 31.58 75.6 14.4 0.969 56.9 33.1 0.838 14.92 24.41 32.60 17.25 28.22 37.70
1517 1059 1020 -20.19 122.59 14.86 24.03 32.3 75.7 14.3 0.969 56.9 33.1 0.838 15.34 24.80 33.33 17.74 28.69 38.56
1518 1060 1020 -20.19 122.6 14.91 23.92 32.3 75.8 14.2 0.969 56.9 33.1 0.838 15.38 24.67 33.32 17.80 28.55 38.56
1519 1061 1020 -20.19 122.61 15.42 24.37 32.84 75.9 14.1 0.970 56.9 33.1 0.838 15.90 25.13 33.86 18.41 29.09 39.20
1520 1062 1020 -20.19 122.62 15.11 24.14 33.2 75.9 14.1 0.970 56.9 33.1 0.838 15.58 24.89 34.23 18.04 28.82 39.63
1521 1063 1020 -20.19 122.63 15.52 24.93 33.93 76 14.0 0.970 56.9 33.1 0.838 16.00 25.69 34.97 18.53 29.76 40.50
1522 1064 1020 -20.19 122.64 15.16 24.65 33.57 76.1 13.9 0.971 56.8 33.2 0.837 15.62 25.39 34.58 18.12 29.46 40.12
1523 1065 1020 -20.19 122.65 15.16 24.48 33.39 76.1 13.9 0.971 56.8 33.2 0.837 15.62 25.22 34.40 18.12 29.26 39.90
1524 1066 1020 -20.19 122.66 14.81 23.86 32.3 76.2 13.8 0.971 56.8 33.2 0.837 15.25 24.57 33.26 17.70 28.51 38.60
1525 1067 1020 -20.19 122.67 15.16 24.14 33.2 76.3 13.7 0.972 56.8 33.2 0.837 15.60 24.85 34.17 18.12 28.85 39.68
1526 1068 1020 -20.19 122.68 15.57 24.7 32.84 76.4 13.6 0.972 56.8 33.2 0.837 16.02 25.41 33.79 18.61 29.52 39.25
1527 1069 1020 -20.19 122.69 14.6 23.64 31.4 76.4 13.6 0.972 56.8 33.2 0.837 15.02 24.32 32.31 17.45 28.25 37.53
1528 1070 1020 -20.19 122.7 14.14 22.8 31.4 76.5 13.5 0.972 56.8 33.2 0.837 14.54 23.45 32.29 16.90 27.25 37.53
1529 1071 1020 -20.19 122.71 14.96 23.64 32.66 76.6 13.4 0.973 56.8 33.2 0.837 15.38 24.30 33.57 17.88 28.25 39.03
1530 1072 1020 -20.19 122.72 15.47 24.37 33.75 76.7 13.3 0.973 56.8 33.2 0.837 15.90 25.04 34.68 18.49 29.12 40.33
1531 1073 1020 -20.19 122.73 15.11 23.81 32.66 76.7 13.3 0.973 56.8 33.2 0.837 15.53 24.47 33.56 18.06 28.45 39.03
1532 1074 1020 -20.19 122.74 15.37 24.14 33.93 76.8 13.2 0.974 56.8 33.2 0.837 15.79 24.80 34.85 18.37 28.85 40.55
1533 1075 1020 -20.19 122.75 15.88 24.7 34.47 76.9 13.1 0.974 56.7 33.3 0.836 16.30 25.36 35.39 19.00 29.55 41.24
1534 1076 1020 -20.19 122.76 15.78 24.7 35.01 77 13.0 0.974 56.7 33.3 0.836 16.20 25.35 35.93 18.88 29.55 41.89
1535 1077 1020 -20.19 122.77 15.62 24.59 33.75 77 13.0 0.974 56.7 33.3 0.836 16.03 25.24 34.64 18.69 29.42 40.38
1536 1078 1020 -20.19 122.78 14.81 23.47 33.2 77.1 12.9 0.975 56.7 33.3 0.836 15.19 24.08 34.06 17.72 28.08 39.72
1537 1079 1020 -20.19 122.79 14.91 23.69 32.66 77.2 12.8 0.975 56.7 33.3 0.836 15.29 24.29 33.49 17.84 28.34 39.08
1538 1080 1020 -20.19 122.8 14.7 23.58 33.02 77.3 12.7 0.976 56.7 33.3 0.836 15.07 24.17 33.85 17.59 28.21 39.51
1539 1081 1020 -20.19 122.81 15.21 24.25 33.39 77.3 12.7 0.976 56.7 33.3 0.836 15.59 24.86 34.23 18.20 29.01 39.95
1540 1082 1020 -20.19 122.82 14.45 23.13 31.94 77.4 12.6 0.976 56.7 33.3 0.836 14.81 23.70 32.73 17.29 27.67 38.21
1541 1083 1020 -20.19 122.83 14.75 23.41 32.12 77.5 12.5 0.976 56.7 33.3 0.836 15.11 23.98 32.90 17.65 28.01 38.43
1542 1084 1020 -20.19 122.84 14.86 23.64 32.66 77.5 12.5 0.976 56.7 33.3 0.836 15.22 24.21 33.45 17.78 28.28 39.08
1543 1085 1020 -20.19 122.85 15.21 24.14 32.48 77.6 12.4 0.977 56.7 33.3 0.836 15.57 24.72 33.26 18.20 28.88 38.86
1544 1086 1020 -20.19 122.86 15.42 24.76 33.39 77.7 12.3 0.977 56.6 33.4 0.835 15.78 25.34 34.17 18.47 29.66 40.00
1545 1087 1020 -20.19 122.87 15.93 25.82 34.47 77.8 12.2 0.977 56.6 33.4 0.835 16.30 26.42 35.27 19.08 30.93 41.29
1546 1088 1020 -20.19 122.88 15.52 25.32 33.2 77.8 12.2 0.977 56.6 33.4 0.835 15.88 25.91 33.97 18.59 30.33 39.77
1547 1089 1020 -20.19 122.89 14.55 23.97 31.76 77.9 12.1 0.978 56.6 33.4 0.835 14.88 24.51 32.48 17.43 28.71 38.04
1548 1090 1020 -20.19 122.9 13.88 22.97 30.49 78 12.0 0.978 56.6 33.4 0.835 14.19 23.48 31.17 16.63 27.51 36.52
1549 1091 1020 -20.19 122.91 13.32 22.01 30.13 78.1 11.9 0.979 56.6 33.4 0.835 13.61 22.49 30.79 15.96 26.36 36.09
1550 1092 1020 -20.19 122.92 14.6 23.69 31.76 78.1 11.9 0.979 56.6 33.4 0.835 14.92 24.21 32.46 17.49 28.38 38.04
1551 1093 1020 -20.19 122.93 14.29 22.91 30.85 78.2 11.8 0.979 56.6 33.4 0.835 14.60 23.40 31.52 17.12 27.44 36.95
1552 1094 1020 -20.19 122.94 14.29 22.18 31.58 78.3 11.7 0.979 56.6 33.4 0.835 14.59 22.65 32.25 17.12 26.57 37.83
1553 1095 1020 -20.19 122.95 14.29 20.67 31.4 78.4 11.6 0.980 56.6 33.4 0.835 14.59 21.10 32.05 17.12 24.76 37.61
1554 1096 1020 -20.19 122.96 13.99 19.83 31.4 78.4 11.6 0.980 56.6 33.4 0.835 14.28 20.24 32.05 16.76 23.75 37.61
1555 1097 1020 -20.19 122.97 14.09 21.12 31.03 78.5 11.5 0.980 56.5 33.5 0.834 14.38 21.55 31.67 16.90 25.33 37.21
1556 1098 1020 -20.19 122.98 13.83 21.51 30.31 78.6 11.4 0.980 56.5 33.5 0.834 14.11 21.94 30.92 16.59 25.79 36.35
1557 1099 1020 -20.19 122.99 13.12 19.33 29.59 78.7 11.3 0.981 56.5 33.5 0.834 13.38 19.71 30.17 15.73 23.18 35.48
1558 1100 1020 -20.19 123 13.22 20.05 29.41 78.7 11.3 0.981 56.5 33.5 0.834 13.48 20.45 29.99 15.85 24.04 35.27
1559 1101 1020 -20.19 123.01 13.32 20.22 29.23 78.8 11.2 0.981 56.5 33.5 0.834 13.58 20.61 29.80 15.97 24.25 35.05
1560 1102 1020 -20.19 123.02 12.71 18.99 29.05 78.9 11.1 0.981 56.5 33.5 0.834 12.95 19.35 29.60 15.24 22.77 34.84
1561 1103 1020 -20.19 123.03 13.78 21.73 30.49 79 11.0 0.982 56.5 33.5 0.834 14.04 22.14 31.06 16.53 26.06 36.56
1562 1104 1020 -20.19 123.04 14.24 22.52 30.85 79 11.0 0.982 56.5 33.5 0.834 14.51 22.94 31.43 17.08 27.01 37.00
1563 1105 1020 -20.19 123.05 14.04 21.34 30.13 79.1 10.9 0.982 56.5 33.5 0.834 14.30 21.73 30.68 16.84 25.59 36.13
1564 1106 1020 -20.19 123.06 13.83 19.83 29.95 79.2 10.8 0.982 56.5 33.5 0.834 14.08 20.19 30.49 16.59 23.78 35.92
1565 1107 1020 -20.19 123.07 13.37 19.61 29.23 79.3 10.7 0.983 56.5 33.5 0.834 13.61 19.96 29.75 16.03 23.52 35.05
1566 1108 1020 -20.19 123.08 13.32 20.05 28.86 79.3 10.7 0.983 56.4 33.6 0.833 13.56 20.40 29.37 15.99 24.07 34.65
1567 1109 1020 -20.19 123.09 12.91 20.28 28.5 79.4 10.6 0.983 56.4 33.6 0.833 13.13 20.63 28.99 15.50 24.35 34.22
1568 1110 1020 -20.19 123.1 12.81 20.22 27.96 79.5 10.5 0.983 56.4 33.6 0.833 13.03 20.56 28.44 15.38 24.28 33.57
1569 1111 1020 -20.19 123.11 13.07 20.11 29.05 79.6 10.4 0.984 56.4 33.6 0.833 13.29 20.45 29.54 15.69 24.14 34.88


































Case Study 1 - Great Sandy Desert 
 
Original NDVI Atm NDVI BRDF NDVI
Visible NIR Visible  NIR Visible NIR  NDVI NDVI - Atmospheric    NDVI - BRDF Ch 3A Ch 4 Ch 5
Pre-fire 26-Oct 0.11 0.18 9.25 16.47 12.42 21.69 0.25 0.28 0.27 0.47 25.49 48.26 -50.34 -0.45 0.46 0.43 0.11
Pre-fire 27-Oct 0.10 0.17 8.94 16.17 12.33 21.78 0.26 0.29 0.28 0.47 24.73 48.73 -55.18 -0.46 0.45 0.43 0.10
Pre-fire 28-Oct 0.11 0.16 9.19 14.38 12.77 19.75 0.19 0.22 0.21 0.39 22.75 42.53 -43.12 -0.43 0.41 0.39 0.16
Pre-fire 29-Oct 0.10 0.15 8.55 14.37 12.01 20.40 0.22 0.25 0.26 0.32 22.78 36.15 -21.75 -0.34 0.41 0.40 0.24
Pre-fire 30-Oct 0.10 0.15 8.33 13.63 12.01 20.48 0.21 0.24 0.26 0.25 21.20 29.93 -7.87 -0.26 0.39 0.39 0.30
Pre-fire 31-Oct 0.14 0.19 11.88 17.57 12.56 20.49 0.17 0.19 0.24 0.31 28.31 35.96 2.83 -0.24 0.47 0.40 0.32
Pre-fire 3-Nov 0.12 0.17 10.39 15.86 12.28 19.02 0.18 0.21 0.22 0.42 27.44 46.18 -34.97 -0.42 0.44 0.40 0.16
Pre-fire 4-Nov 0.11 0.17 9.35 15.20 12.03 19.35 0.21 0.24 0.23 0.44 26.05 47.29 -44.69 -0.46 0.43 0.40 0.12
Pre-fire 5-Nov 0.10 0.15 8.81 14.24 11.97 18.89 0.20 0.24 0.22 0.41 24.88 44.05 -38.97 -0.45 0.41 0.39 0.14
Pre-fire 6-Nov 0.10 0.15 8.71 13.90 11.98 18.74 0.20 0.23 0.22 0.39 24.02 43.28 -40.11 -0.44 0.40 0.39 0.15
Pre-fire 7-Nov 0.10 0.14 8.84 13.13 12.26 18.16 0.17 0.20 0.19 0.29 22.73 34.64 -16.92 -0.34 0.38 0.37 0.25
Pre-fire 8-Nov 0.10 0.14 8.94 13.37 12.63 19.34 0.17 0.20 0.21 0.26 21.86 31.44 -10.01 -0.29 0.39 0.37 0.28
Pre-fire 9-Nov 0.13 0.18 11.44 16.54 11.98 19.35 0.15 0.18 0.24 0.31 27.20 35.68 -1.03 -0.26 0.45 0.39 0.30
Post-fire 13-Nov 0.11 0.16 9.59 14.39 11.76 17.75 0.17 0.20 0.20 0.39 26.17 43.19 -30.50 -0.42 0.41 0.38 0.17
Post-fire 14-Nov 0.08 0.11 6.99 9.96 10.38 15.12 0.14 0.18 0.19 0.38 21.28 40.60 -43.03 -0.55 0.31 0.34 0.09
Post-fire 16-Nov 0.10 0.13 8.43 12.01 12.38 18.71 0.15 0.18 0.20 0.33 22.82 38.80 -30.38 -0.43 0.36 0.36 0.19
Post-fire 17-Nov 0.10 0.13 8.46 11.96 11.12 16.99 0.14 0.17 0.21 0.36 22.45 42.76 -45.19 -0.47 0.35 0.35 0.15
Post-fire 18-Nov 0.10 0.13 9.16 11.87 10.74 15.40 0.10 0.13 0.18 0.28 21.94 36.47 -26.41 -0.38 0.35 0.34 0.23
Post-fire 23-Nov 0.09 0.12 7.49 10.47 10.20 14.45 0.13 0.17 0.17 0.48 22.08 52.03 -77.66 -0.61 0.33 0.34 -0.02
Pre-fire Avg 0.11 0.16 9.43 14.99 12.25 19.80 0.20 0.23 0.24 0.36 24.57 40.32 -27.86 -0.37 0.40
Post-fire Avg 0.10 0.13 8.35 11.78 11.09 16.40 0.14 0.17 0.19 0.37 22.79 42.31 -42.20 -0.48 0.35
Difference 
Pre vs Post 
Avg 0.01 0.03 1.08 3.21 1.15 3.40 0.06 0.06 0.04 -0.01 1.78 -1.99 14.34 0.10 0.04
Min 0.08 0.11 6.99 9.96 10.20 14.45 0.10 0.13 0.17 0.25 21.20 29.93 -77.66 -0.61 0.34
Max 0.14 0.19 11.88 17.57 12.77 21.78 0.26 0.29 0.28 0.48 28.31 52.03 2.83 -0.24 0.43
Pre-fire Std 0.01 0.02 1.11 1.41 0.28 1.11 0.03 0.03 0.03 0.08 2.26 6.59 19.64 0.09 0.02
Post-fire Std 0.01 0.02 0.98 1.55 0.84 1.67 0.02 0.02 0.02 0.07 1.74 5.38 18.94 0.09 0.02
Measure of 
separability 
(M) 0.52 1.06 0.52 1.08 1.03 1.23 1.09 1.04 1.06 -0.04 0.45 -0.17 0.37 0.60 1.29
η GEMI3 Original Temp surface temp VI3 η


















Original NDVI Atm NDVI BRDF NDVI
Visible NIR Visible NIR Visible NIR NDVI NDVI NDVI Ch3A Ch4 Ch5
Pre-fire 26-Oct 0.08 0.12 7.06 10.95 10.36 15.66 0.18 0.22 0.20 0.17 45.11 43.66 49.96 -0.17 0.34 0.35 0.30 0.22
Pre-fire 27-Oct 0.08 0.11 6.62 10.29 9.83 14.97 0.18 0.22 0.21 0.16 46.11 44.34 52.00 -0.16 0.32 0.35 0.29 0.23
Pre-fire 28-Oct 0.09 0.11 7.93 10.33 11.56 15.14 0.10 0.13 0.13 0.15 42.84 39.93 52.50 -0.14 0.32 0.33 0.30 0.25
Pre-fire 29-Oct 0.08 0.11 7.07 9.80 10.09 14.55 0.13 0.16 0.18 0.15 32.54 28.01 47.63 -0.17 0.31 0.33 0.28 0.23
Pre-fire 31-Oct 0.14 0.17 11.97 15.34 10.97 15.38 0.10 0.12 0.17 0.25 37.18 32.58 52.48 -0.20 0.42 0.36 0.33 0.14
Pre-fire 5-Nov 0.08 0.11 6.72 9.93 9.90 14.23 0.16 0.19 0.18 0.16 44.97 42.22 54.13 -0.20 0.31 0.34 0.28 0.21
Pre-fire 6-Nov 0.08 0.11 6.72 10.06 9.86 14.57 0.17 0.20 0.19 0.16 43.92 41.18 53.05 -0.18 0.32 0.34 0.29 0.22
Pre-fire 7-Nov 0.09 0.11 8.21 9.96 11.78 14.58 0.07 0.10 0.11 0.15 34.20 29.06 51.32 -0.16 0.31 0.32 0.29 0.24
Pre-fire 8-Nov 0.09 0.11 7.42 10.32 10.47 15.46 0.14 0.16 0.19 0.15 36.77 32.50 50.98 -0.15 0.32 0.34 0.29 0.24
Pre-fire 9-Nov 0.13 0.16 11.14 14.75 9.87 14.48 0.11 0.14 0.19 0.24 40.73 36.76 53.95 -0.20 0.41 0.36 0.33 0.15
Pre-fire 11-Nov 0.12 0.15 10.83 13.69 11.22 14.83 0.09 0.12 0.14 0.24 43.90 39.44 58.75 -0.24 0.39 0.35 0.31 0.13
Post-fire 13-Nov 0.09 0.10 7.18 9.32 9.51 12.30 0.10 0.13 0.13 0.17 44.46 41.69 53.70 -0.25 0.30 0.32 0.26 0.19
Post-fire 14-Nov 0.07 0.09 6.25 8.33 9.21 12.18 0.11 0.14 0.14 0.16 46.15 42.83 57.18 -0.27 0.28 0.31 0.25 0.19
Post-fire 15-Nov 0.07 0.08 5.67 6.92 8.41 10.30 0.07 0.10 0.10 0.15 45.44 40.32 62.51 -0.32 0.24 0.29 0.22 0.17
Post-fire 16-Nov 0.09 0.10 7.59 8.67 10.76 12.72 0.04 0.07 0.08 0.15 37.36 31.60 56.53 -0.23 0.28 0.30 0.26 0.21
Post-fire 17-Nov 0.08 0.09 6.62 7.75 8.84 11.14 0.05 0.08 0.12 0.14 47.19 41.58 65.86 -0.26 0.26 0.29 0.24 0.20
Post-fire 18-Nov 0.09 0.09 7.41 8.47 9.40 12.12 0.04 0.07 0.13 0.15 42.70 36.83 62.24 -0.23 0.27 0.30 0.25 0.21
Post-fire 22-Nov 0.09 0.10 7.62 9.30 9.26 11.33 0.07 0.10 0.10 0.18 54.41 50.46 67.58 -0.27 0.30 0.31 0.26 0.17
Post-fire 23-Nov 0.08 0.10 6.89 8.89 9.67 12.36 0.10 0.13 0.12 0.17 56.84 54.16 65.76 -0.26 0.29 0.31 0.26 0.19
Pre-fire Avg 0.10 0.12 8.34 11.40 10.54 14.90 0.13 0.16 0.17 0.18 40.75 37.24 52.43 -0.18 0.34 0.21
Post-fire Avg 0.08 0.09 6.91 8.46 9.38 11.81 0.07 0.10 0.11 0.16 46.82 42.43 61.42 -0.26 0.30 0.19
Difference 
Pre vs Post 
Avg 0.02 0.03 1.43 2.95 1.16 3.09 0.06 0.06 0.06 0.02 -6.07 -5.19 -8.99 0.08 0.04 0.01
Min 0.07 0.08 5.67 6.92 8.41 10.30 0.04 0.07 0.08 0.14 32.54 28.01 47.63 -0.32 0.29 0.13
Max 0.14 0.17 11.97 15.34 11.78 15.66 0.18 0.22 0.21 0.25 56.84 54.16 67.58 -0.14 0.36 0.25
Pre-fire Std 0.02 0.02 1.99 2.10 0.73 0.47 0.04 0.04 0.03 0.04 4.78 5.83 2.80 0.03 0.01 0.04
Post-fire Std 0.01 0.01 0.69 0.81 0.68 0.81 0.03 0.03 0.02 0.01 6.24 7.14 5.07 0.03 0.01 0.01
Measure of 
separability 
(M) 0.52 0.98 0.53 1.01 0.82 2.43 0.87 0.82 1.14 0.37 -0.55 -0.40 -1.14 1.41 1.44 0.25





















Original NDVI Atm NDVI BRDF NDVI
Visible NIR Visible  NIR Visible NIR NDVI NDVI - Atmospheric    NDVI - BRDF Ch3A Ch4 Ch5
Pre-fire 26-Oct 0.11 0.17 9.439 16.004 0.23 0.26 0.23 41.3 40.1 45.12 -0.148175 0.449222 0.415663 0.361825 0.186201
Pre-fire 27-Oct 0.10 0.16 8.145 14.294 0.24 0.27 0.21 44.7 43.6 48.64 -0.152928 0.415672 0.404567 0.344152 0.20329
Pre-fire 28-Oct 0.09 0.13 7.228 12.197 0.22 0.26 0.20 45.0 42.7 52.65 -0.187279 0.368657 0.377524 0.311286 0.198753
Post-fire 5-Nov 0.10 0.13 8.60 12.13 9.98 14.05 0.14 0.17 0.17 0.23 49.3 46.7 57.85 -0.269086 0.362426 0.35638 0.282437 0.123188
Post-fire 6-Nov 0.10 0.13 8.68 11.88 10.69 14.60 0.13 0.16 0.15 0.24 51.9 47.7 65.84 -0.293698 0.356067 0.350297 0.270538 0.10116
Post-fire 8-Nov 0.12 0.14 10.51 12.96 13.13 16.45 0.08 0.10 0.11 0.27 31.5 24.9 53.46 -0.317029 0.371584 0.341943 0.262247 0.042231
Post-fire 17-Nov 0.11 0.13 9.23 12.14 11.55 15.33 0.11 0.14 0.14 0.25 42.3 36.8 60.33 -0.304141 0.358831 0.346725 0.266657 0.083233
Post-fire 18-Nov 0.11 0.13 9.15 12.29 11.09 15.29 0.12 0.15 0.16 0.26 43.4 37.7 62.36 -0.312915 0.361539 0.350637 0.262687 0.069343
Post-fire 19-Nov 0.14 0.16 12.24 14.88 11.42 15.08 0.07 0.10 0.14 0.25 27.2 20.0 50.95 -0.219834 0.404177 0.347156 0.320135 0.126393
Post-fire 21-Nov 0.13 0.16 10.98 14.75 10.88 15.18 0.12 0.15 0.17 0.26 44.4 39.2 61.76 -0.246728 0.41007 0.367103 0.306338 0.09303
Post-fire 22-Nov 0.15 0.17 12.89 16.17 13.22 16.74 0.09 0.11 0.12 0.31 38.5 32.2 59.57 -0.282375 0.430756 0.358737 0.288059 -0.005783
Post-fire 23-Nov 0.12 0.15 10.43 13.98 11.18 14.87 0.12 0.15 0.14 0.28 46.2 42.1 60.10 -0.288859 0.396589 0.362372 0.280645 0.051575
Pre-fire Avg 0.10 0.15 8.27 14.16 0.23 0.26 0.21 43.67 42.14 48.80 -0.16 0.40 0.20
Post-fire Avg 0.12 0.15 10.30 13.47 11.46 15.29 0.11 0.13 0.14 0.26 41.64 36.38 59.14 -0.28 0.35 0.08
Difference 
Pre vs Post 
Avg -0.02 0.01 -2.03 0.70 0.12 0.13 -0.05 2.04 5.75 -10.33 0.12 0.05 0.12
Min 0.09 0.13 7.23 11.88 9.98 14.05 0.07 0.10 0.11 0.20 27.17 20.03 45.12 -0.32 0.34 -0.01
Max 0.15 0.17 12.89 16.17 13.22 16.74 0.24 0.27 0.17 0.31 51.92 47.74 65.84 -0.15 0.42 0.20
Pre-fire Std 0.01 0.02 1.11 1.91 0.01 0.01 0.02 2.09 1.80 3.77 0.02 0.02 0.01
Post-fire Std 0.02 0.02 1.54 1.54 1.07 0.84 0.02 0.02 0.02 0.02 8.05 9.32 4.55 0.03 0.01 0.04
Measure of 
separability 
(M) -0.75 0.22 -0.77 0.20 3.68 3.68 -1.09 0.20 0.52 -1.24 2.23 1.65 2.35
Atmospheric BRDF Original Original Temp



























Original NDVI Atm NDVI BRDF NDVI
Visible NIR Visible  NIR Visible  NIR NDVI NDVI - Atmospheric    NDVI - BRDF Ch3A Ch4 Ch5
Pre-fire 26-Oct 0.09 0.14 7.50 13.02 0.23 0.27 0.22 46.51 45.13 51.10 -0.21 0.39 0.39 0.31 0.17
Pre-fire 27-Oct 0.09 0.12 7.67 10.79 0.14 0.17 0.19 40.93 39.47 45.77 -0.24 0.33 0.34 0.28 0.18
Post-fire 28-Oct 0.08 0.10 6.59 8.98 8.52 11.60 0.29 40.95 37.20 53.42 0.29 0.16
Post-fire 29-Oct 0.08 0.11 6.98 9.97 8.72 12.70 0.15 0.18 0.19 0.20 37.21 32.61 52.53 -0.30 0.31 0.33 0.25 0.14
Post-fire 30-Oct 0.08 0.11 7.21 10.26 8.74 12.97 0.14 0.17 0.19 0.18 30.34 25.24 47.31 -0.24 0.32 0.34 0.27 0.19
Post-fire 31-Oct 0.12 0.14 10.10 12.69 10.18 13.78 0.09 0.11 0.15 0.24 35.32 29.40 55.03 -0.27 0.37 0.34 0.28 0.11
Post-fire 3-Nov 0.10 0.12 8.73 11.28 10.18 13.32 0.10 0.13 0.13 0.23 48.66 44.79 61.54 -0.29 0.34 0.34 0.27 0.12
Post-fire 4-Nov 0.10 0.12 8.43 11.17 10.64 14.02 0.11 0.14 0.14 0.23 47.05 43.24 59.75 -0.30 0.34 0.34 0.27 0.11
Post-fire 5-Nov 0.09 0.11 7.85 10.03 10.31 13.01 0.09 0.12 0.12 0.21 45.48 41.42 58.99 -0.31 0.31 0.33 0.25 0.13
Post-fire 6-Nov 0.09 0.11 8.00 9.85 10.42 12.73 0.08 0.10 0.10 0.21 46.17 41.14 62.90 -0.32 0.31 0.32 0.25 0.12
Post-fire 7-Nov 0.10 0.11 8.55 9.73 10.83 12.41 0.04 0.06 0.07 0.21 37.22 30.96 58.04 -0.32 0.30 0.31 0.25 0.13
Post-fire 8-Nov 0.11 0.11 9.23 10.30 11.31 13.00 0.03 0.05 0.07 0.21 31.80 25.49 52.81 -0.31 0.31 0.31 0.25 0.13
Post-fire 9-Nov 0.12 0.13 10.80 11.95 10.67 12.83 0.03 0.05 0.09 0.24 32.54 25.72 55.23 -0.30 0.35 0.32 0.27 0.10
Post-fire 13-Nov 0.10 0.12 8.78 10.78 10.61 13.06 0.08 0.10 0.10 0.23 46.30 40.50 65.62 -0.32 0.33 0.33 0.26 0.10
Post-fire 14-Nov 0.10 0.13 8.68 11.95 11.16 15.20 0.13 0.16 0.15 0.24 54.43 51.68 63.58 -0.28 0.36 0.35 0.28 0.11
Post-fire 15-Nov 0.10 0.11 8.23 10.29 10.73 13.25 0.08 0.11 0.11 0.22 50.25 44.33 69.95 -0.32 0.32 0.32 0.25 0.11
Post-fire 16-Nov 0.10 0.12 8.77 10.79 11.21 13.77 0.08 0.10 0.10 0.23 39.29 32.77 61.01 -0.33 0.33 0.33 0.25 0.10
Post-fire 17-Nov 0.10 0.12 8.85 11.05 10.95 13.93 0.08 0.11 0.12 0.23 40.53 33.81 62.90 -0.31 0.33 0.33 0.26 0.10
Post-fire 18-Nov 0.12 0.13 10.30 12.16 12.37 15.25 0.06 0.08 0.10 0.23 30.49 22.45 57.26 -0.26 0.35 0.33 0.28 0.13
Post-fire 21-Nov 0.12 0.13 10.00 11.43 10.58 12.41 0.04 0.07 0.08 0.24 45.82 38.40 70.53 -0.31 0.34 0.32 0.26 0.09
Post-fire 23-Nov 0.09 0.11 8.00 9.76 9.95 12.07 0.07 0.10 0.10 0.22 48.98 42.84 69.43 -0.33 0.31 0.32 0.24 0.11
Pre-fire Avg 0.09 0.13 7.59 11.91 0.19 0.22 0.21 43.72 42.30 48.43 -0.22 0.37 0.17
Post-fire Avg 0.10 0.12 8.64 10.76 10.43 13.23 0.08 0.11 0.12 0.23 41.52 36.00 59.89 -0.30 0.33 0.12
Difference 
Pre vs Post 
Avg -0.01 0.01 -1.05 1.15 0.10 0.11 -0.02 2.20 6.30 -11.46 0.08 0.04 0.05
Min 0.08 0.10 8.52 11.60 0.03 0.05 0.07 0.18 30.34 22.45 45.77 -0.33 0.31 0.09
Max 0.12 0.14 12.37 15.25 0.23 0.27 0.19 0.29 54.43 51.68 70.53 -0.21 0.39 0.19
Pre-fire Std 0.00 0.02 0.13 1.57 0.07 0.07 0.02 3.95 4.00 3.77 0.02 0.03 0.01
Post-fire Std 0.01 0.01 1.12 0.98 0.95 0.94 0.04 0.04 0.04 0.02 7.31 8.12 6.39 0.02 0.01 0.02
Measure of 
separability 
(M) -0.81 0.46 -0.84 0.45 1.01 1.02 -0.50 0.20 0.52 -1.13 1.88 0.86 1.86






 Appendix 10:  BRDF Spreadsheet 
 















date w view zenith view azimuth sun zenith sun azimuth rel. azimuth R1measured R2measured ρ1measured ρ2measured NDVI
0 26-Oct 1 21.0 81.4 32.2 278.7 197.3 10.20 18.35 12.06 21.68 0.29
1 27-Oct 1 37.5 82.2 29.7 279.6 197.4 9.62 17.61 11.07 20.26 0.29
2 28-Oct 1 49.9 83.2 27.1 280.7 197.5 10.68 16.99 12.00 19.08 0.23
3 29-Oct 1 59.2 84.1 24.6 281.8 197.7 9.86 16.25 10.84 17.87 0.24
4 30-Oct 1 66.3 85.0 22.0 283.2 198.2 9.79 15.72 10.55 16.95 0.23
5 31-Oct 1 53.4 257.4 43.0 270.7 13.3 12.78 18.81 17.48 25.72 0.19
8 3-Nov 1 9.0 260.2 35.3 272.2 12.0 10.76 16.83 13.18 20.63 0.22
9 4-Nov 1 11.6 80.9 32.7 272.7 191.8 9.93 16.43 11.80 19.53 0.25
10 5-Nov 1 29.9 82.0 30.1 273.3 191.3 9.68 15.80 11.19 18.27 0.24
11 6-Nov 1 44.3 82.9 27.6 273.9 191.0 9.64 15.45 10.87 17.43 0.23
12 7-Nov 1 55.0 83.7 25.0 274.5 190.8 10.01 14.99 11.05 16.54 0.20
13 8-Nov 1 63.1 84.6 22.4 275.2 190.6 10.08 15.13 10.90 16.36 0.20
14 9-Nov 1 57.5 256.9 43.5 266.4 9.5 12.59 18.27 17.37 25.20 0.18
17 12-Nov 1 18.1 259.8 35.8 267.4 7.6 10.99 15.77 13.55 19.45 0.18
18 13-Nov 1 2.0 80.2 33.2 267.7 187.5 10.02 15.28 11.98 18.26 0.21
21 16-Nov 1 50.4 83.2 25.5 268.5 185.3 9.64 14.96 10.68 16.57 0.22
22 17-Nov 1 59.6 84.2 22.9 268.6 184.4 8.72 13.98 9.46 15.17 0.23
23 18-Nov 0 13.8 19.4 64.2 84.7 65.4 12.24 18.15 28.13 41.72 0.19
28 23-Nov 1 9.9 14.0 13.2 80.9 66.9 8.43 12.75 8.66 13.10 0.20 
 
K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR
-0.12 -1.19 10.83 -1.22 1.50 13.28 -0.12 -1.19 17.66 -4.03 16.23 23.25
-0.13 -1.39 10.56 -0.51 0.26 12.51 -0.13 -1.39 17.31 -2.95 8.72 22.16
-0.11 -1.59 10.72 -1.28 1.64 13.36 -0.11 -1.59 17.41 -1.67 2.79 20.74
-0.08 -1.84 11.07 0.23 0.05 11.69 -0.08 -1.84 17.69 -0.17 0.03 19.11
-0.03 -2.16 11.46 0.91 0.82 10.99 -0.03 -2.16 18.00 1.05 1.10 17.83
0.36 0.03 16.69 -0.79 0.63 12.50 0.36 0.03 24.04 -1.68 2.83 20.25
0.01 -0.62 12.47 -0.72 0.51 12.62 0.01 -0.62 19.51 -1.12 1.25 20.01
-0.09 -1.02 11.22 -0.59 0.34 12.56 -0.09 -1.02 18.10 -1.43 2.03 20.42
-0.13 -1.31 10.61 -0.58 0.34 12.59 -0.13 -1.31 17.39 -0.89 0.79 19.89
-0.13 -1.49 10.58 -0.29 0.08 12.26 -0.13 -1.49 17.31 -0.12 0.01 19.06
-0.10 -1.71 10.86 -0.19 0.04 12.15 -0.10 -1.71 17.52 0.98 0.96 17.87
-0.06 -1.99 11.24 0.34 0.11 11.57 -0.06 -1.99 17.82 1.46 2.14 17.37
0.42 0.04 17.29 -0.08 0.01 11.99 0.42 0.04 24.66 -0.54 0.29 19.34
0.07 -0.38 13.20 -0.35 0.12 12.25 0.07 -0.38 20.33 0.89 0.79 18.10
-0.05 -0.83 11.75 -0.23 0.05 12.17 -0.05 -0.83 18.71 0.45 0.20 18.48
-0.12 -1.59 10.70 0.02 0.00 11.91 -0.12 -1.59 17.39 0.82 0.67 18.04
-0.08 -1.85 11.04 1.58 2.49 10.23 -0.08 -1.85 17.66 2.49 6.20 16.26
0.02 -1.54 12.27 -15.86 0.00 -1000000 0.02 -1.54 19.03 -22.69 0.00 -1000000


























date w view zenith view azimuth sun zenith sun azimuth rel. azimuth R1measured R2measured ρ1measured ρ2measured NDVI
0 26-Oct 1 19.6 81.3 32.4 278.6 197.3 9.25 16.47 10.96 19.51 0.28
1 27-Oct 1 36.4 82.1 29.8 279.5 197.4 8.94 16.17 10.31 18.64 0.29
2 28-Oct 1 49.1 83.1 27.3 280.5 197.4 9.19 14.38 10.35 16.18 0.22
3 29-Oct 1 58.6 84.1 24.7 281.7 197.6 8.55 14.37 9.41 15.82 0.25
4 30-Oct 1 65.8 85.0 22.2 283.0 198.1 8.33 13.63 9.00 14.73 0.24
5 31-Oct 1 54.1 257.3 43.2 270.6 13.3 11.88 17.57 16.29 24.10 0.19
8 3-Nov 1 10.4 260.1 35.5 272.1 12.0 10.39 15.86 12.76 19.48 0.21
9 4-Nov 1 10.1 80.8 32.9 272.6 191.8 9.35 15.20 11.14 18.11 0.24
10 5-Nov 1 28.7 81.9 30.3 273.2 191.3 8.81 14.24 10.21 16.50 0.24
11 6-Nov 1 43.4 82.8 27.8 273.8 191.0 8.71 13.90 9.84 15.71 0.23
12 7-Nov 1 54.3 83.6 25.2 274.4 190.8 8.84 13.13 9.77 14.50 0.20
13 8-Nov 1 62.5 84.5 22.6 275.1 190.6 8.94 13.37 9.69 14.48 0.20
14 9-Nov 1 58.1 256.8 43.7 266.3 9.5 11.44 16.54 15.83 22.88 0.18
18 13-Nov 0 0.5 76.1 33.4 267.6 191.5 9.59 14.39 11.49 17.24 0.20
19 14-Nov 0 20.4 81.4 30.8 267.9 186.5 6.99 9.96 8.14 11.60 0.18
21 16-Nov 0 49.6 83.1 25.7 268.4 185.3 8.43 12.01 9.35 13.33 0.18
22 17-Nov 0 59.0 84.1 23.1 268.6 184.5 8.46 11.96 9.20 12.99 0.17
23 18-Nov 0 66.1 85.0 20.5 268.7 183.7 9.16 11.87 9.77 12.67 0.13
28 23-Nov 0 11.7 80.8 31.2 263.7 182.9 7.49 10.47 8.76 12.25 0.17 
 
K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR
-0.11 -1.17 10.80 -0.15 0.02 12.42 -0.11 -1.17 17.81 -1.70 2.88 21.69
-0.13 -1.38 10.24 -0.07 0.00 12.33 -0.13 -1.38 16.95 -1.69 2.87 21.78
-0.12 -1.58 9.92 -0.43 0.18 12.77 -0.12 -1.58 16.22 0.04 0.00 19.75
-0.08 -1.82 9.60 0.19 0.04 12.01 -0.08 -1.82 15.35 -0.47 0.22 20.40
-0.04 -2.13 9.18 0.18 0.03 12.01 -0.04 -2.13 14.24 -0.49 0.24 20.48
0.37 0.02 15.89 -0.40 0.16 12.56 0.37 0.02 23.29 -0.81 0.66 20.49
0.02 -0.59 12.73 -0.03 0.00 12.28 0.02 -0.59 20.28 0.80 0.64 19.02
-0.08 -0.99 11.34 0.20 0.04 12.03 -0.08 -0.99 18.53 0.43 0.18 19.35
-0.13 -1.29 10.44 0.24 0.06 11.97 -0.13 -1.29 17.30 0.80 0.64 18.89
-0.13 -1.47 10.07 0.22 0.05 11.98 -0.13 -1.47 16.60 0.89 0.80 18.74
-0.10 -1.69 9.76 -0.01 0.00 12.26 -0.10 -1.69 15.81 1.31 1.71 18.16
-0.06 -1.97 9.40 -0.29 0.08 12.63 -0.06 -1.97 14.82 0.35 0.12 19.34
0.43 0.03 16.19 0.36 0.13 11.98 0.43 0.03 23.42 0.54 0.29 19.35
-0.04 -0.80 11.98 0.49 0 -1000000 -0.04 -0.80 19.37 2.13 0 -1000000
-0.11 -1.16 10.82 2.67 0 -1000000 -0.11 -1.16 17.85 6.24 0 -1000000
-0.12 -1.58 9.91 0.56 0 -1000000 -0.12 -1.58 16.22 2.90 0 -1000000
-0.08 -1.83 9.58 0.39 0 -1000000 -0.08 -1.83 15.33 2.34 0 -1000000
-0.04 -2.14 9.15 -0.62 0 -1000000 -0.04 -2.14 14.21 1.54 0 -1000000





  - 288 - POSTFIRE
18 28
<sun zenith> 29.59










date w view zenith view azimuth sun zenith sun azimuth rel. azimuth R1measured R2measured ρ1measured ρ2measured NDVI
0 26-Oct 0 19.6 81.3 32.4 278.6 197.3 9.254 16.470 10.96 19.51 0.28
1 27-Oct 0 36.4 82.1 29.8 279.5 197.4 8.943 16.169 10.31 18.64 0.29
2 28-Oct 0 49.1 83.1 27.3 280.5 197.4 9.193 14.379 10.35 16.18 0.22
3 29-Oct 0 58.6 84.1 24.7 281.7 197.6 8.548 14.365 9.41 15.82 0.25
4 30-Oct 0 65.8 85.0 22.2 283.0 198.1 8.335 13.634 9.00 14.73 0.24
5 31-Oct 0 54.1 257.3 43.2 270.6 13.3 11.878 17.571 16.29 24.10 0.19
8 3-Nov 0 10.4 260.1 35.5 272.1 12.0 10.390 15.860 12.76 19.48 0.21
9 4-Nov 0 10.1 80.8 32.9 272.6 191.8 9.351 15.202 11.14 18.11 0.24
10 5-Nov 0 28.7 81.9 30.3 273.2 191.3 8.812 14.238 10.21 16.50 0.24
11 6-Nov 0 43.4 82.8 27.8 273.8 191.0 8.712 13.901 9.84 15.71 0.23
12 7-Nov 0 54.3 83.6 25.2 274.4 190.8 8.840 13.125 9.77 14.50 0.20
13 8-Nov 0 62.5 84.5 22.6 275.1 190.6 8.943 13.366 9.69 14.48 0.20
14 9-Nov 0 58.1 256.8 43.7 266.3 9.5 11.444 16.545 15.83 22.88 0.18
18 13-Nov 1 0.5 76.1 33.4 267.6 191.5 9.593 14.394 11.49 17.24 0.20
19 14-Nov 1 20.4 81.4 30.8 267.9 186.5 6.993 9.963 8.14 11.60 0.18
21 16-Nov 1 49.6 83.1 25.7 268.4 185.3 8.425 12.012 9.35 13.33 0.18
22 17-Nov 1 59.0 84.1 23.1 268.6 184.5 8.462 11.957 9.20 12.99 0.17
23 18-Nov 1 66.1 85.0 20.5 268.7 183.7 9.156 11.872 9.77 12.67 0.13
28 23-Nov 1 11.7 80.8 31.2 263.7 182.9 7.489 10.472 8.76 12.25 0.17 
 
K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR
-0.11 -1.17 8.75 -2.21 0.00 -1000000 -0.11 -1.17 12.63 -6.88 0.00 -1000000
-0.13 -1.38 8.08 -2.23 0.00 -1000000 -0.13 -1.38 11.47 -7.17 0.00 -1000000
-0.12 -1.58 8.42 -1.92 0.00 -1000000 -0.12 -1.58 11.74 -4.44 0.00 -1000000
-0.08 -1.82 9.23 -0.18 0.00 -1000000 -0.08 -1.82 12.62 -3.20 0.00 -1000000
-0.04 -2.13 10.17 1.17 0.00 -1000000 -0.04 -2.13 13.60 -1.12 0.00 -1000000
0.37 0.02 21.74 5.44 0.00 -1000000 0.37 0.02 31.96 7.85 0.00 -1000000
0.02 -0.59 12.43 -0.33 0.00 -1000000 0.02 -0.59 18.36 -1.12 0.00 -1000000
-0.08 -0.99 9.64 -1.50 0.00 -1000000 -0.08 -0.99 14.04 -4.06 0.00 -1000000
-0.13 -1.29 8.21 -2.00 0.00 -1000000 -0.13 -1.29 11.75 -4.75 0.00 -1000000
-0.13 -1.47 8.12 -1.72 0.00 -1000000 -0.13 -1.47 11.43 -4.27 0.00 -1000000
-0.10 -1.69 8.74 -1.03 0.00 -1000000 -0.10 -1.69 12.07 -2.43 0.00 -1000000
-0.06 -1.97 9.64 -0.04 0.00 -1000000 -0.06 -1.97 13.03 -1.44 0.00 -1000000
0.43 0.03 23.08 7.25 0.00 -1000000 0.43 0.03 33.83 10.95 0.00 -1000000
-0.04 -0.80 10.84 -0.65 0.42 11.76 -0.04 -0.80 15.92 -1.32 1.74 17.75
-0.11 -1.16 8.70 0.56 0.31 10.38 -0.11 -1.16 12.57 0.97 0.95 15.12
-0.12 -1.58 8.37 -0.98 0.95 12.38 -0.12 -1.58 11.68 -1.65 2.73 18.71
-0.08 -1.83 9.18 -0.02 0.00 11.12 -0.08 -1.83 12.53 -0.46 0.21 16.99
-0.04 -2.14 10.10 0.32 0.10 10.74 -0.04 -2.14 13.49 0.82 0.67 15.40































date w view zenith view azimuth sun zenith sun azimuth rel. azimuth R1measured R2measured ρ1measured ρ2measured NDVI
0 26-Oct 1 27.1 81.7 31.9 281.9 200.2 7.06 10.95 8.32 12.91 0.22
1 27-Oct 1 42.0 82.6 29.4 283.2 200.6 6.62 10.29 7.59 11.81 0.22
2 28-Oct 1 53.2 83.6 26.9 284.6 201.0 7.93 10.33 8.89 11.59 0.13
3 29-Oct 1 61.6 84.7 24.4 286.2 201.5 7.07 9.80 7.77 10.76 0.16
5 31-Oct 1 49.4 257.4 42.5 272.9 15.5 11.97 15.34 16.23 20.79 0.12
10 5-Nov 1 35.2 82.3 29.7 276.7 194.4 6.72 9.93 7.73 11.43 0.19
11 6-Nov 1 48.1 83.3 27.2 277.7 194.4 6.72 10.06 7.56 11.30 0.20
12 7-Nov 1 57.7 84.2 24.6 278.8 194.6 8.21 9.96 9.03 10.96 0.10
13 8-Nov 1 65.1 85.2 22.0 280.0 194.8 7.42 10.32 8.00 11.14 0.16
14 9-Nov 1 54.0 256.8 42.8 268.5 11.7 11.14 14.75 15.19 20.11 0.14
16 11-Nov 1 29.1 52.3 37.7 439.0 386.7 10.83 13.69 13.70 17.30 0.12
18 13-Nov 0 9.2 80.8 32.6 270.7 189.9 7.18 9.32 8.53 11.06 0.13
19 14-Nov 0 27.8 81.8 30.0 271.2 189.4 6.25 8.33 7.21 9.62 0.14
20 15-Nov 0 42.5 82.8 27.5 271.9 189.1 5.67 6.92 6.39 7.80 0.10
21 16-Nov 0 53.6 83.7 24.9 272.5 188.8 7.59 8.67 8.37 9.56 0.07
22 17-Nov 0 61.9 84.8 22.3 273.2 188.4 6.62 7.75 7.16 8.37 0.08
23 18-Nov 0 68.4 85.7 19.7 274.0 188.3 7.41 8.47 7.87 9.00 0.07
27 22-Nov 0 0.3 55.5 32.9 266.5 211.0 7.62 9.30 9.08 11.07 0.10
28 23-Nov 0 19.8 81.3 30.3 266.9 185.6 6.89 8.89 7.98 10.29 0.13 
 
K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR
-0.13 -1.28 8.46 0.14 0.02 10.36 -0.13 -1.28 12.27 -0.63 0.40 15.66
-0.13 -1.46 8.15 0.55 0.31 9.83 -0.13 -1.46 11.75 -0.06 0.00 14.97
-0.10 -1.67 8.10 -0.78 0.61 11.56 -0.10 -1.67 11.40 -0.19 0.03 15.14
-0.06 -1.94 8.11 0.35 0.12 10.09 -0.06 -1.94 11.01 0.26 0.07 14.55
0.32 0.02 15.61 -0.62 0.39 10.97 0.32 0.02 20.14 -0.66 0.43 15.38
-0.14 -1.37 8.24 0.51 0.26 9.90 -0.14 -1.37 11.97 0.54 0.29 14.23
-0.12 -1.56 8.09 0.53 0.28 9.86 -0.12 -1.56 11.56 0.25 0.06 14.57
-0.09 -1.79 8.08 -0.94 0.89 11.78 -0.09 -1.79 11.20 0.24 0.06 14.58
-0.04 -2.09 8.06 0.06 0.00 10.47 -0.04 -2.09 10.73 -0.41 0.17 15.46
0.37 0.05 16.23 1.04 1.08 9.87 0.37 0.05 20.70 0.58 0.34 14.48
0.12 -0.31 12.87 -0.83 0.69 11.22 0.12 -0.31 17.37 0.07 0.01 14.83
-0.08 -0.97 9.54 1.01 0 -1000000 -0.08 -0.97 13.64 2.57 0 -1000000
-0.13 -1.27 8.46 1.24 0 -1000000 -0.13 -1.27 12.29 2.66 0 -1000000
-0.13 -1.45 8.13 1.73 0 -1000000 -0.13 -1.45 11.74 3.95 0 -1000000
-0.11 -1.67 8.07 -0.30 0 -1000000 -0.11 -1.67 11.38 1.82 0 -1000000
-0.06 -1.94 8.06 0.91 0 -1000000 -0.06 -1.94 10.97 2.59 0 -1000000
-0.02 -2.28 7.97 0.10 0 -1000000 -0.02 -2.28 10.38 1.38 0 -1000000
-0.04 -0.78 10.32 1.24 0 -1000000 -0.04 -0.78 14.57 3.50 0 -1000000




  - 290 - POSTFIRE
18 28
<sun zenith> 29.4










date w view zenith view azimuth sun zenith sun azimuth rel. azimuth R1measured R2measured ρ1measured ρ2measured NDVI
0 26-Oct 0 27.1 81.7 31.9 281.9 200.2 7.059 10.954 8.32 12.91 0.22
1 27-Oct 0 42.0 82.6 29.4 283.2 200.6 6.616 10.288 7.59 11.81 0.22
2 28-Oct 0 53.2 83.6 26.9 284.6 201.0 7.926 10.333 8.89 11.59 0.13
3 29-Oct 0 61.6 84.7 24.4 286.2 201.5 7.072 9.796 7.77 10.76 0.16
5 31-Oct 0 49.4 257.4 42.5 272.9 15.5 11.973 15.339 16.23 20.79 0.12
10 5-Nov 0 35.2 82.3 29.7 276.7 194.4 6.718 9.931 7.73 11.43 0.19
11 6-Nov 0 48.1 83.3 27.2 277.7 194.4 6.724 10.057 7.56 11.30 0.20
12 7-Nov 0 57.7 84.2 24.6 278.8 194.6 8.207 9.964 9.03 10.96 0.10
13 8-Nov 0 65.1 85.2 22.0 280.0 194.8 7.416 10.324 8.00 11.14 0.16
14 9-Nov 0 54.0 256.8 42.8 268.5 11.7 11.140 14.747 15.19 20.11 0.14
16 11-Nov 0 29.1 52.3 37.7 439.0 386.7 10.835 13.685 13.70 17.30 0.12
18 13-Nov 1 9.2 80.8 32.6 270.7 189.9 7.185 9.321 8.53 11.06 0.13
19 14-Nov 1 27.8 81.8 30.0 271.2 189.4 6.246 8.332 7.21 9.62 0.14
20 15-Nov 1 42.5 82.8 27.5 271.9 189.1 5.674 6.917 6.39 7.80 0.10
21 16-Nov 1 53.6 83.7 24.9 272.5 188.8 7.590 8.670 8.37 9.56 0.07
22 17-Nov 1 61.9 84.8 22.3 273.2 188.4 6.622 7.747 7.16 8.37 0.08
23 18-Nov 1 68.4 85.7 19.7 274.0 188.3 7.413 8.472 7.87 9.00 0.07
27 22-Nov 1 0.3 55.5 32.9 266.5 211.0 7.622 9.296 9.08 11.07 0.10
28 23-Nov 1 19.8 81.3 30.3 266.9 185.6 6.892 8.888 7.98 10.29 0.13 
 
K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR
-0.13 -1.28 7.37 -0.94 0 -1000000 -0.13 -1.28 9.34 -3.57 0 -1000000
-0.13 -1.46 7.16 -0.43 0 -1000000 -0.13 -1.46 8.97 -2.84 0 -1000000
-0.10 -1.67 7.35 -1.54 0 -1000000 -0.10 -1.67 8.92 -2.67 0 -1000000
-0.06 -1.94 7.66 -0.11 0 -1000000 -0.06 -1.94 8.93 -1.83 0 -1000000
0.32 0.02 15.12 -1.11 0 -1000000 0.32 0.02 17.82 -2.97 0 -1000000
-0.14 -1.37 7.18 -0.56 0 -1000000 -0.14 -1.37 9.07 -2.36 0 -1000000
-0.12 -1.56 7.19 -0.36 0 -1000000 -0.12 -1.56 8.89 -2.41 0 -1000000
-0.09 -1.79 7.46 -1.57 0 -1000000 -0.09 -1.79 8.89 -2.07 0 -1000000
-0.04 -2.09 7.76 -0.24 0 -1000000 -0.04 -2.09 8.86 -2.27 0 -1000000
0.37 0.05 15.89 0.70 0 -1000000 0.37 0.05 18.56 -1.55 0 -1000000
0.12 -0.31 11.96 -1.74 0 -1000000 0.12 -0.31 14.57 -2.73 0 -1000000
-0.08 -0.97 8.41 -0.12 0.01 9.51 -0.08 -0.97 10.62 -0.44 0.20 12.30
-0.13 -1.27 7.35 0.14 0.02 9.21 -0.13 -1.27 9.33 -0.29 0.09 12.18
-0.13 -1.45 7.13 0.73 0.54 8.41 -0.13 -1.45 8.94 1.14 1.31 10.30
-0.11 -1.67 7.30 -1.07 1.14 10.76 -0.11 -1.67 8.87 -0.68 0.47 12.72
-0.06 -1.94 7.60 0.44 0.19 8.84 -0.06 -1.94 8.87 0.50 0.25 11.14
-0.02 -2.28 7.86 -0.01 0.00 9.40 -0.02 -2.28 8.77 -0.23 0.05 12.12
-0.04 -0.78 9.20 0.12 0.01 9.26 -0.04 -0.78 11.54 0.47 0.22 11.33































date w view zenith view azimuth sun zenith sun azimuth rel. azimuth R1measured R2measured ρ1measured ρ2measured NDVI
0 26-Oct 0 24.9 259.0 39.2 279.8 20.8 9.44 16.00 12.18 20.65 0.26
1 27-Oct 0 6.2 260.6 36.7 280.9 20.3 8.15 14.29 10.16 17.83 0.27
2 28-Oct 0 13.7 80.8 34.2 282.1 201.3 7.23 12.20 8.74 14.75 0.26
10 5-Nov 1 15.6 259.6 36.9 275.6 16.0 8.60 12.13 10.76 15.17 0.17
11 6-Nov 1 4.1 80.4 34.4 276.5 196.1 8.68 11.88 10.52 14.39 0.16
13 8-Nov 1 38.7 82.6 29.3 278.7 196.1 10.51 12.96 12.05 14.86 0.10
22 17-Nov 1 32.0 82.1 29.4 273.4 191.3 9.23 12.14 10.60 13.94 0.14
23 18-Nov 1 45.6 83.2 26.9 274.4 191.2 9.15 12.29 10.25 13.78 0.15
24 19-Nov 1 68.5 253.9 47.3 265.0 11.1 12.24 14.88 18.07 21.96 0.10
26 21-Nov 1 54.9 256.3 42.3 266.2 9.9 10.98 14.75 14.85 19.95 0.15
27 22-Nov 1 44.8 257.4 39.7 266.8 9.4 12.89 16.17 16.76 21.03 0.11
28 23-Nov 1 31.4 258.5 37.2 267.4 8.9 10.43 13.98 13.10 17.55 0.15 
 
K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR
0.11 -0.35 12.94 0.76 0 -1000000 0.11 -0.35 17.20 -3.44 0 -1000000
-0.01 -0.73 11.78 1.62 0 -1000000 -0.01 -0.73 15.72 -2.11 0 -1000000
-0.10 -1.09 10.90 2.16 0 -1000000 -0.10 -1.09 14.52 -0.23 0 -1000000
0.05 -0.50 12.35 1.59 2.53 9.98 0.05 -0.50 16.50 1.33 1.76 14.05
-0.06 -0.90 11.27 0.76 0.57 10.69 -0.06 -0.90 15.07 0.68 0.46 14.60
-0.13 -1.41 10.52 -1.54 2.36 13.13 -0.13 -1.41 13.81 -1.05 1.11 16.45
-0.13 -1.32 10.51 -0.09 0.01 11.55 -0.13 -1.32 13.90 -0.04 0.00 15.33
-0.13 -1.50 10.59 0.34 0.12 11.09 -0.13 -1.50 13.78 0.00 0.00 15.29
0.62 -0.04 18.13 0.06 0.00 11.42 0.62 -0.04 22.26 0.30 0.09 15.08
0.38 0.03 15.64 0.79 0.62 10.88 0.38 0.03 20.08 0.13 0.02 15.18
0.27 0.14 14.53 -2.23 4.98 13.22 0.27 0.14 19.20 -1.83 3.33 16.74






































date w view zenith view azimuth sun zenith sun azimuth rel. azimuth R1measured R2measured ρ1measured ρ2measured NDVI
0 26-Oct 0 18.6 81.3 32.4 277.6 196.3 7.496 13.020 8.87 15.41 0.27
1 27-Oct 0 35.7 82.0 29.8 278.4 196.4 7.675 10.794 8.84 12.44 0.17
2 28-Oct 1 48.6 83.0 27.2 279.4 196.4 6.592 8.982 7.41 10.10 0.15
3 29-Oct 1 58.3 84.0 24.7 280.4 196.4 6.975 9.968 7.68 10.97 0.18
4 30-Oct 1 65.6 84.8 22.1 281.6 196.8 7.21 10.26 7.79 11.07 0.17
5 31-Oct 1 54.8 257.4 43.2 270.0 12.6 10.101 12.695 13.86 17.42 0.11
8 3-Nov 1 11.6 260.1 35.5 271.3 11.2 8.730 11.279 10.72 13.85 0.13
9 4-Nov 1 8.9 80.8 32.9 271.7 190.9 8.434 11.171 10.05 13.31 0.14
10 5-Nov 1 27.8 81.8 30.4 272.2 190.4 7.848 10.033 9.09 11.63 0.12
11 6-Nov 1 42.8 82.7 27.8 272.6 189.9 7.996 9.855 9.04 11.14 0.10
12 7-Nov 1 53.9 83.5 25.2 273.2 189.7 8.554 9.726 9.45 10.75 0.06
13 8-Nov 1 62.2 84.4 22.6 273.7 189.3 9.230 10.297 10.00 11.15 0.05
14 9-Nov 1 58.7 256.9 43.8 265.7 8.8 10.804 11.949 14.97 16.56 0.05
18 13-Nov 1 0.8 302.4 33.5 266.7 -35.7 8.779 10.783 10.53 12.93 0.10
19 14-Nov 1 19.4 81.4 30.9 266.9 185.5 8.678 11.952 10.11 13.93 0.16
20 15-Nov 1 36.3 82.3 28.3 267.1 184.8 8.228 10.291 9.35 11.69 0.11
21 16-Nov 1 49.1 83.0 25.7 267.2 184.2 8.774 10.791 9.74 11.98 0.10
22 17-Nov 1 58.7 84.0 23.1 267.2 183.2 8.850 11.051 9.62 12.02 0.11
23 18-Nov 1 65.9 84.9 20.5 267.1 182.2 10.296 12.162 11.00 12.99 0.08
26 21-Nov 1 28.7 259.3 36.5 262.6 3.3 9.996 11.428 12.43 14.22 0.07
28 23-Nov 1 10.6 80.8 31.4 262.7 181.9 7.997 9.763 9.36 11.43 0.10 
 
K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR K2 K3 ρmodel ∆ρ w * ∆R
2 ρNADIR
-0.11 -1.15 9.47 0.60 0 -1000000 -0.11 -1.15 12.23 -3.18 0 -1000000
-0.14 -1.37 9.11 0.26 0 -1000000 -0.14 -1.37 11.78 -0.66 0 -1000000
-0.12 -1.57 9.09 1.67 2.80 8.52 -0.12 -1.57 11.62 1.52 2.30 11.60
-0.08 -1.81 9.19 1.52 2.30 8.72 -0.08 -1.81 11.52 0.55 0.31 12.70
-0.04 -2.12 9.30 1.52 2.31 8.74 -0.04 -2.12 11.39 0.32 0.10 12.97
0.38 0.03 14.22 0.36 0.13 10.18 0.38 0.03 16.87 -0.55 0.30 13.78
0.03 -0.56 11.00 0.27 0.08 10.18 0.03 -0.56 13.88 0.02 0.00 13.32
-0.08 -0.97 9.86 -0.18 0.03 10.64 -0.08 -0.97 12.67 -0.64 0.41 14.02
-0.13 -1.28 9.21 0.12 0.01 10.31 -0.13 -1.28 11.93 0.30 0.09 13.01
-0.13 -1.46 9.06 0.02 0.00 10.42 -0.13 -1.46 11.67 0.54 0.29 12.73
-0.10 -1.68 9.12 -0.33 0.11 10.83 -0.10 -1.68 11.56 0.81 0.66 12.41
-0.06 -1.96 9.24 -0.76 0.58 11.31 -0.06 -1.96 11.45 0.30 0.09 13.00
0.44 0.03 14.65 -0.32 0.10 10.67 0.44 0.03 17.22 0.66 0.44 12.83
-0.03 -0.77 10.37 -0.16 0.03 10.61 -0.03 -0.77 13.22 0.29 0.08 13.06
-0.11 -1.14 9.46 -0.65 0.42 11.16 -0.11 -1.14 12.23 -1.70 2.89 15.20
-0.14 -1.37 9.10 -0.25 0.06 10.73 -0.14 -1.37 11.77 0.08 0.01 13.25
-0.12 -1.57 9.08 -0.66 0.44 11.21 -0.12 -1.57 11.61 -0.37 0.14 13.77
-0.08 -1.82 9.18 -0.45 0.20 10.95 -0.08 -1.82 11.51 -0.51 0.26 13.93
-0.04 -2.13 9.28 -1.71 2.94 12.37 -0.04 -2.13 11.36 -1.62 2.64 15.25
0.14 -0.03 12.28 -0.16 0.02 10.58 0.14 -0.03 15.28 1.07 1.14 12.41
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M i nM a xM i nM a x
26-Oct 10.2 21.6 32.2 33.6
27-Oct 28.8 37.9 29.6 31
28-Oct 43.5 50.3 27.1 28.5
29-Oct 54.4 59.4 24.5 25.9
30-Oct 62.6 66.5 21.9 23.4
31-Oct 53.1 58.2 42.9 44.4
1-Nov
2-Nov 29.1 31.4 38.1 38.4
3-Nov 8.3 19.8 35.2 36.7
4-Nov 0.2 12.2 32.7 34.1
5-Nov 20.1 30.4 30.1 31.5
6-Nov 36.8 44.7 27.5 29
7-Nov 49.4 55.3 24.9 26.4
8-Nov 58.9 63.3 22.3 23.8
9-Nov 57.3 61.8 43.5 44.9
10-Nov
11-Nov
12-Nov 17.5 28 35.7 37.2
13-Nov 0.2 8 33.2 34.3
14-Nov 12.5 22.3 30.6 31.9
15-Nov
16-Nov 47 50.7 25.4 26.2
17-Nov 56.3 59.8 22.8 23.9





23-Nov 1.9 13.8 31 32.4
Satellite Zenith Solar Zenith
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Case Study 1 - Great Sandy Desert 
 







Loc 2 <sun zenith> 29.56 29.57 29.58 29.58 29.59 29.59 29.62 29.62 29.62 29.59 29.60 29.56 29.62
1 δ 0.10 0.12 0.11 0.09 0.08 0.04 0.09 0.09 0.08 0.06 0.08 0.04 0.12
f1 13.33 13.54 13.30 13.31 13.65 14.45 14.53 14.64 13.97 13.86 12.91 13.30 14.64
f2 5.38 5.05 4.98 5.67 5.74 4.69 5.06 4.67 6.53 5.31 6.30 4.67 6.53
f3 2.03 2.18 2.06 1.89 1.90 2.34 2.29 2.37 1.85 2.10 1.72 1.85 2.37
<RNADIR> 11.77 11.89 11.73 11.83 12.17 12.70 12.80 12.86 12.49 12.25 11.53 11.73 12.86
f1/(f1+f2+f3) 0.64 0.65 0.65 0.64 0.64 0.67 0.66 0.68 0.62 0.65 0.62
f2/(f1+f2+f3) 0.26 0.24 0.24 0.27 0.27 0.22 0.23 0.22 0.29 0.25 0.30
f3/(f1+f2+f3) 0.10 0.10 0.10 0.09 0.09 0.11 0.10 0.11 0.08 0.10 0.08
2 δ 0.96 1.29 0.85 0.55 1.22 0.96 0.79 0.99 0.98 0.87 0.52 0.55 1.29
f1 21.59 21.35 21.04 21.53 23.00 24.28 23.90 23.56 22.28 22.50 20.87 21.04 24.28
f2 2.04 2.73 3.00 2.87 1.81 0.16 0.70 1.34 2.16 1.87 2.43 0.16 3.00
f3 3.73 3.59 3.42 3.37 3.85 4.56 4.31 4.21 3.53 3.84 3.55 3.37 4.56
<RNADIR> 18.96 18.80 18.60 19.12 20.29 21.14 20.91 20.62 19.78 19.80 18.36 18.60 21.14
f1/(f1+f2+f3) 0.79 0.77 0.77 0.78 0.80 0.84 0.83 0.81 0.80 0.80 0.78
f2/(f1+f2+f3) 0.07 0.10 0.11 0.10 0.06 0.01 0.02 0.05 0.08 0.07 0.09
f3/(f1+f2+f3) 0.14 0.13 0.12 0.12 0.13 0.16 0.15 0.14 0.13 0.14 0.13
Postfire 
Burnt
Loc 2 <sun zenith> 29.56 29.57 29.58 29.58 29.59 29.59 29.62 29.62 29.62 29.59 29.60 29.56 29.62
1 δ 0.90 0.39 0.45 0.35 0.31 0.26 0.51 0.67 0.24 0.40 0.10 0.24 0.90
f1 11.12 12.15 11.75 11.79 11.91 13.39 12.74 12.65 12.83 12.25 11.83 11.12 13.39
f2 33.26 30.32 29.38 25.74 15.58 25.54 21.83 17.54 29.06 25.34 25.73 15.58 33.26
f3 -0.13 0.52 0.34 0.49 0.90 1.10 0.73 0.78 0.25 0.55 0.59 -0.13 1.10
<RNADIR> 10.18 10.86 10.60 10.66 10.81 11.84 11.56 11.57 11.76 11.09 10.63 10.18 11.84
f1/(f1+f2+f3) 0.25 0.28 0.28 0.31 0.42 0.33 0.36 0.41 0.30 0.32 0.31
f2/(f1+f2+f3) 0.75 0.71 0.71 0.68 0.55 0.64 0.62 0.57 0.69 0.66 0.67
f3/(f1+f2+f3) 0.00 0.01 0.01 0.01 0.03 0.03 0.02 0.03 0.01 0.01 0.02
2 δ 4.20 1.06 1.82 1.70 1.86 1.02 1.63 1.51 0.69 1.50 0.88 0.69 4.20
f1 17.50 18.75 17.70 17.91 17.71 21.03 19.50 19.77 18.80 18.72 18.40 17.50 21.03
f2 59.02 50.83 45.31 39.65 4.20 30.37 25.62 29.81 33.18 35.29 34.59 4.20 59.02
f3 1.05 1.82 1.42 1.70 2.75 2.86 1.85 1.89 1.03 1.81 2.77 1.03 2.86
<RNADIR> 14.96 15.94 15.33 15.51 15.69 18.13 17.43 17.55 17.06 16.39 15.43 14.96 18.13
f1/(f1+f2+f3) 0.23 0.26 0.27 0.30 0.72 0.39 0.42 0.38 0.35 0.34 0.33
f2/(f1+f2+f3) 0.76 0.71 0.70 0.67 0.17 0.56 0.55 0.58 0.63 0.63 0.62
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<sun zenith> 29.42 29.42 29.42 29.43 29.44 29.45 29.45 29.46 29.47 29.44 29.42 29.47
1 δ 0.75 0.75 0.73 0.52 0.57 0.48 0.34 0.35 0.36 0.42 0.34 0.75
f1 10.66 12.65 13.86 12.68 12.40 12.20 11.62 11.41 10.96 12.03 10.66 13.86
f2 11.94 7.18 8.08 10.18 12.71 12.19 12.30 12.28 12.66 11.10 7.18 12.71
f3 0.68 1.95 2.68 1.99 1.76 1.83 1.56 1.49 1.23 1.67 0.68 2.68
<RNADIR> 9.83 11.10 11.78 11.00 10.81 10.57 10.17 10.01 9.74 10.55 9.74 11.78
f1/(f1+f2+f3) 0.46 0.58 0.56 0.51 0.46 0.47 0.46 0.45 0.44 0.49
f2/(f1+f2+f3) 0.51 0.33 0.33 0.41 0.47 0.47 0.48 0.49 0.51 0.45
f3/(f1+f2+f3) 0.03 0.09 0.11 0.08 0.07 0.07 0.06 0.06 0.05 0.07
2 δ 1.63 0.71 0.39 0.15 0.13 0.26 0.05 0.19 0.17 0.17 0.05 1.63
f1 14.89 18.15 19.81 17.75 17.26 17.06 16.10 16.61 17.07 17.15 14.89 19.81
f2 10.99 3.28 4.56 8.27 11.32 11.09 12.15 10.72 9.46 9.17 3.28 12.15
f3 1.27 3.37 4.39 3.20 2.84 2.94 2.43 2.74 3.02 2.88 1.27 4.39
<RNADIR> 13.69 15.74 16.67 15.31 14.97 14.70 14.07 14.41 14.71 14.90 13.69 16.67
f1/(f1+f2+f3) 0.55 0.73 0.69 0.61 0.55 0.55 0.52 0.55 0.58 0.59
f2/(f1+f2+f3) 0.40 0.13 0.16 0.28 0.36 0.36 0.40 0.36 0.32 0.31
f3/(f1+f2+f3) 0.05 0.14 0.15 0.11 0.09 0.09 0.08 0.09 0.10 0.10
Postfire
<sun zenith> 29.42 29.42 29.42 29.43 29.44 29.45 29.45 29.46 29.47 29.44 29.42 29.47
1 δ 0.00 1.10 1.06 1.30 1.47 0.08 0.25 0.46 0.35 0.25 0.00 1.47
f1 9.63 9.57 10.71 10.17 10.84 11.24 10.85 10.81 10.88 10.53 9.57 11.24
f2 13.97 2.58 8.34 9.86 11.65 20.02 21.15 20.08 21.39 14.31 2.58 21.39
f3 0.54 0.58 1.00 0.71 1.16 1.44 1.24 1.32 1.27 1.03 0.54 1.44
<RNADIR> 8.84 9.09 9.77 9.39 9.69 9.64 9.35 9.29 9.36 9.38 8.84 9.77
f1/(f1+f2+f3) 0.40 0.75 0.53 0.49 0.46 0.34 0.33 0.34 0.32 0.41
f2/(f1+f2+f3) 0.58 0.20 0.42 0.48 0.49 0.61 0.64 0.62 0.64 0.55
f3/(f1+f2+f3) 0.02 0.05 0.05 0.03 0.05 0.04 0.04 0.04 0.04 0.04
2 δ 0.13 1.68 1.52 1.53 1.75 0.42 0.82 2.47 1.73 0.35 0.13 2.47
f1 11.86 12.25 13.59 12.52 13.85 14.47 13.83 13.52 16.18 13.57 11.86 16.18
f2 10.79 -5.03 6.93 8.93 14.29 24.89 21.17 13.18 24.09 13.20 -5.03 24.89
f3 1.07 1.52 1.89 1.36 2.05 2.45 2.24 2.34 2.85 1.98 1.07 2.85
<RNADIR> 10.79 11.36 12.09 11.31 12.01 12.03 11.65 11.51 13.49 11.81 10.79 13.49
f1/(f1+f2+f3) 0.50 1.40 0.61 0.55 0.46 0.35 0.37 0.47 0.38 0.47
f2/(f1+f2+f3) 0.45 -0.57 0.31 0.39 0.47 0.60 0.57 0.45 0.56 0.46
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<sun zenith> 36.08 36.12 36.12 36.12 36.13 36.14 36.14 36.15 36.15 36.13 36.08 36.15
1 δ 1.08 1.63 2.09 2.81 1.29 1.04 1.03 1.71 1.24 1.25 1.03 2.81
f1 9.49 11.96 11.97 12.83 11.27 11.42 11.46 11.75 12.76 11.80 9.49 12.83
f2 17.95 8.83 8.84 7.54 3.60 3.65 4.13 4.46 2.55 10.22 2.55 17.95
f3 -1.70 1.06 0.69 1.68 0.69 0.38 -0.56 -0.96 -0.20 -0.06 -1.70 1.68
<RNADIR> 10.25 10.71 11.03 11.09 10.54 10.95 11.78 12.40 12.84 11.46 10.25 12.84
f1/(f1+f2+f3) 0.37 0.55 0.56 0.58 0.72 0.74 0.76 0.77 0.84 0.54
f2/(f1+f2+f3) 0.70 0.40 0.41 0.34 0.23 0.24 0.27 0.29 0.17 0.47
f3/(f1+f2+f3) -0.07 0.05 0.03 0.08 0.04 0.02 -0.04 -0.06 -0.01 0.00
2 δ 1.02 0.94 2.15 3.03 1.09 0.83 0.83 1.74 0.72 0.78 0.72 3.03
f1 15.74 17.68 16.28 16.90 14.35 14.51 14.81 15.08 16.64 16.57 14.35 17.68
f2 17.75 7.24 9.85 7.98 2.61 2.33 1.21 1.68 -1.21 9.28 -1.21 17.75
f3 0.48 3.13 1.51 2.44 1.24 0.94 0.19 -0.40 0.73 1.07 -0.40 3.13
<RNADIR> 14.64 14.71 14.60 14.49 13.18 13.61 14.61 15.36 16.06 15.28 13.18 16.06
f1/(f1+f2+f3) 0.46 0.63 0.59 0.62 0.79 0.82 0.91 0.92 1.03 0.62
f2/(f1+f2+f3) 0.52 0.26 0.36 0.29 0.14 0.13 0.07 0.10 -0.07 0.34
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<sun zenith> 29.43 29.43 29.44 29.44 29.45 29.46 29.48 29.49 29.49 29.46 29.43 29.49
1 δ 0.45 0.51 0.70 0.70 0.89 1.12 1.41 2.16 2.58 0.74 0.45 2.58
f1 11.12 10.44 8.58 8.58 11.29 12.67 11.31 12.27 11.44 11.20 8.58 12.67
f2 8.59 9.89 14.18 14.18 2.47 3.00 2.18 5.87 6.78 7.86 2.18 14.18
f3 0.83 0.46 -0.83 -0.83 0.75 1.59 0.72 1.25 0.72 0.75 -0.83 1.59
<RNADIR> 10.28 9.82 8.71 8.71 10.70 11.49 10.75 11.23 10.74 10.45 8.71 11.49
f1/(f1+f2+f3) 0.54 0.50 0.39 0.39 0.78 0.73 0.80 0.63 0.60 0.57
f2/(f1+f2+f3) 0.42 0.48 0.65 0.65 0.17 0.17 0.15 0.30 0.36 0.40
f3/(f1+f2+f3) 0.04 0.02 -0.04 -0.04 0.05 0.09 0.05 0.06 0.04 0.04
2 δ 1.11 1.95 1.96 1.96 1.17 1.51 2.05 3.23 3.53 0.65 1.11 3.53
f1 15.09 13.97 11.01 11.01 13.59 16.20 13.60 15.55 14.42 14.45 11.01 16.20
f2 10.98 11.91 17.32 17.32 -0.26 -1.70 -2.48 0.80 1.60 6.26 -2.48 17.32
f3 1.16 0.74 -1.11 -1.11 1.03 2.65 1.49 2.39 1.64 1.33 -1.11 2.65
<RNADIR> 13.96 13.10 11.24 11.24 12.89 14.44 12.65 13.89 13.25 13.34 11.24 14.44
f1/(f1+f2+f3) 0.55 0.52 0.40 0.40 0.95 0.94 1.08 0.83 0.82 0.66
f2/(f1+f2+f3) 0.40 0.45 0.64 0.64 -0.02 -0.10 -0.20 0.04 0.09 0.28
f3/(f1+f2+f3) 0.04 0.03 -0.04 -0.04 0.07 0.15 0.12 0.13 0.09 0.06  
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